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ABSTRACT 

We consider the evolution of strong (P1/,.(2796) > 0.3 A) Mgll absorbers, 
most of which are closely related to luminous galaxies. Using 20 high resolution 
quasar spectra from the VLT/UVES public archive, we examine 33 strong Mgll 
absorbers in the redshift range 0.3 < z < 2.5. We compare and supplement 
this sample with 23 strong Mgll absorbers at 0.4 < z < lA observed previously 
with HIRES/Keck. We find that neither equivalent width nor kinematic spread 
(the optical depth weighted second moment of velocity) of Mgll A2796 evolve. 
However, the kinematic spread is sensitive to the highest velocity component, 
and therefore not as sensitive to additional weak components at intermediate 
velocities relative to the profile center. The fraction of absorbing pixels within 
the full velocity range of the system does show a trend of decreasing with de- 
creasing redshift. Most high redshift systems (14/20) exhibit absorption over the 
entire system velocity range, which differs from the result for low redshift systems 
(18/36) at the 95% level. This leads to a smaller number of separate subsystems 
for high redshift systems because weak absorping components tend to connect 
the stronger regions of absorption. We hypothesize that low redshift Mgll profiles 
are more likely to represent well formed galaxies, many of which have kinematics 
consistent with a disk/halo structure. High redshift Mgll profiles are more likely 
to show evidence of complex protogalactic structures, with multiple accretion or 
outflow events. Although these results are derived from measurements of gas 
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kinematics, they are consistent with hierarchical galaxy formation evidenced by 
deep galaxy surveys. 

Subject headings: galaxies: evolution — galaxies: formation — quasars: absorp- 
tion lines 



Introduction 



We study absorption line spectra in order to gain perspective on the dynamics and 
evolution of astrophysical systems, such as galaxies. The strength, relative abundance, and 
kinematics of absorption in specific ions can constrain many properties of a given system. For 
example, metallicity, density, and abundance pattern can be determined for various clouds 
that represent different parts of a galaxy and its surroundings. It is also possible to suggest, 
based on kinematics, whether it is statistically likely th at a specific absorption syst em is 
produced primarily in the disk of a galaxy or in a halo (jCharlton &: Churchill! Il998l ). For 
a line of sight through a spiral galaxy, som e of the absorption compon ents are likely to 
arise from the disk and others from the halo. ICharlton fc Churchill! (119981 ) suggest that the 
dominant region of absorption in a strong Mgll absorber is often produced in the disk of the 
galaxy, and that the outlying components are related to the halo. 

The Mgll AA2796, 2803 doublet is of particular interest because of its relative strength, 
ease of detection, and association with star formation. The close proximity of the two 
members of the doublet (separated by only 7 A in the rest frame) makes it more convenient 
to locate than multiplet metals such as iron. Once a Mgll absorption system is detected, 
other metal transitions can be located and analyzed. The ratio of Fell to Mgll provides 
information about the ionization parameter /density of the gas, and about the star formation 
history of the system. Type II supernovae enrich the ISM with a large magnesium to iron 
ratio within the first billion years of the formation of a stellar population. Iron is mostly 
generated in Type la supernovae, indicating that a system must have a longer history in 
order to develop a relatively large Fell to Mgll ratio. The Mgl A2853 tran sition is also of 



i ntere st for understanding the physical conditions of strong Mgll absorbers. IChurchill et al. 



( I2OO3I ) found that many clouds seem to require two separate phases of gas to produce both 
the observed Mgl and Mgll absorption. Comparisons between Mgll, Fell, and Mgl can give 
insight into the phase structure and ionization state of the absorber. 

Strong Mgll absorbers are defined by Wr{2796) > 0.3 A, and have historically been in- 



teresting because of a direct correspondence to luminou s galaxies (IBergeron fc Boissel Il991 



Bergeron et all Il992l : lie Brun et al.l Il993l : ISteidel et al.l 1 1994 ISteidell Il995[ ) . Although the 
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Mgll absorbing gas is patchier than once thought, it is still clear that the majority of strong 



Mgll absorbers arise within ~ 40h ^ kpc of an L > 0.05L* galaxy (IChurchill. Kacprza 



Zibetti et al. 



&: Steidel 



fl2007f ) 



20051 ). For the subset of strong Mgll absorbers with ^^.(2796) > 0.8 A 
find based on stacking of images that half the light surrounding an absorber is found within 
50 kpc and the other half between 50 and 100 kpc. The ensemble of Mgll profiles for lines 
of sight through 0.4 < z < 1.4 galaxies have kinemat ics consistent with expecta tions for 



signt tnrougn u.4 < z < i.4 galaxies nave Kmemat ics consistent witn expecta tions tor 
representative mixture of disk and halo kinematics ( Charlton fc Churchilll Hoosl ) . Spiral 



galaxies are expected to typically give rise to a blend of several strong compon ents spanning 
30-100 km s-\ and one or more "satellite" clouds beyond this velocity range. ISteidel et al.l 



(I2OO2I ) measured rotation curves and found that 4/5 Mgll absorbers had kinematics consis- 
tent with rotation in the same sense as the disk, though in some cases a thick disk or a halo 
rotating in the same sense was required. Elliptical galaxies will tend to have components 
more uniformly spread over a typical velocity range of 100-300 km s~^. The kinematics and 
overall Mgll absorption s trength are also inflii enced by asymmetries in the gas caused by 
interactions and mergers (IKacprzak et al.l 120051 ). 



Our goal is to determine the evolution of the kinematics of strong Mgll absorbers over 
the redshift range 0.3 < z < 2.5. This range covers about 7.7 Gyrs of cosmic history, from 
2.7 Gyrs to 10.4 Gyrs after the Big Bang, assuming Hq = 73 km s"^Mpc~\ ^matter = 0.26, 
and = 0.74. We divide t his p eriod into two halves, primarily based on the cutoff in the 
study by lChurchill fc Vogtl (120011 ) (hereafter CVOl). 0.3 < z < 1.2 is referred to as our low 
redshift range, and 1.2 < z < 2.5 as our high redshift range. 

These redshift ranges are of particular interest for galaxy evolution because several 

influential factors are known to change ove r this time peri od. First, galaxy morphologies 

tend to be more irregular at high redshift. IConselice et al.l (120041 ) found that large diffuse 
star-forming objects, suggested to be the predecessors of spiral disks are found primarily at 
1 < z < 2, while asymmetric star-forming objects (perhaps merge rs that produce ellipticals) 
peak in abundance at z ~ 1. Similarly, lElmegreen et al.l (120051 ) found a predominance of 
"chain" and "clump-cluster" galaxies among the fainter magnitudes in the Hubble Ultra Deep 
Field while traditional spirals and ellipticals dominated among the brightest galaxies at low 
redshift. The second (and related) factor is the evolution in the galaxy merger rate, wh ich 
dramatically increases with increasing redshift (iLe Fevre et al.ll2000l : iPatton et al.ll2002l ). 



The third factor, evolution in the extragalactic background radiation (EBR), can dra- 
matically influence absorption line systems because it leads to a shift in the ionization balance 
of the various metal-line transitions. The EBR has been modeled as the cumulative radia- 



tion fromquasars and star-forming galaxies, modulated by the Lya forest (IHaardt &: Madau 
19961 . 12OOII ). The amplitude of the EBR is expected to be relatively constant, with a number 
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density of ionizing photons logra^ ~ —4.75 cm ^, over most of our high redshift range, down 

-3 



to z ~ 1.5, but then decreases by nearly an order of magnitude to logra^ ~ —5.64 cm from 
2; = 1.5 to 2; = 0.3. 

The last factor is the evolution of the global star formation rate in galaxi es. This rate is 



relatively constant from z = 4 to z = 1, then decreases significantly to 2; = (IGabasch et al. 



20041). The peak epoch of star formation occurs earlier for giant galaxies than for dwarfs 



(IBauer et al.ll2005l ). We expect a-enhanced metal build-up for the first billion years past the 
birth of a stellar population, and an increase in the ratio of iron to magnesium subsequently 
due to contributions from Type la supernovae. 

CVOl studies the kinematics of 23 strong Mgll systems in the redshift range 0.4 < 
z < 1.2. The spectra were obtained with the HIRES spectrograph with a resolution of 
~ 6.7 km s~^. When possible. Fell and Mgl for these systems are compared to the Mgll. 
The authors found that strong Mgll absorbers are typically not characterized by multiple 
subsystems of comparable equivalent width or kinematic spread, but instead have a dominant 
subsystem, often with subsystems of significantly smaller equivalent width. It is important 
to note, however, that there are a wide variety of kinematic profiles within the CVOl sample. 
Among systems with the same equivalent width, they found some cases with weak compo- 
nents widely spread in velocity and others with a single, saturated component. They also 
noted the interesting trend for systems with multiple subsystems to have the intermediate 
and high (>40 km s~^) velocity subsystems located either all redward or all blueward of the 
dominant subsystem. They interpreted this to mean that the dominant subsystem is related 
to a rotating disk that is systematically offset in velocity from the halo material that pro- 
duces weaker subsystems. Within the redshift range, 0.4 < z < 1.2, there was no significant 
evolution in system or subsystem properties. 

CVOl compares the smaller subsystems at intermediate and high velocities to both single 
cloud, weak Mgll absorbers, and Galactic high velocity clouds (HVCs). In order to make 
a quantitative comparison, a slope was fit to the observed equivalent width distributions o f 



these "satellite clouds" and the single cloud, weak Mgll absorbers (IChurchill et al.lll999l ). 
Because of the large errors in the fit for the subsystems of the strong absorbers (see Figure 8a 
from CVOl), they ca nnot distinguish between the slopes for the two samples. However, 



Churchill et al.l (119991 ) does not find a turnoff in the equivalent width distribution of weak 
Mgll absorbers, complete down to Wr{2796) = 0.02 A. The equivalent width distribution of 
the weak subsystems in CVOl have a turnoff at Wr{279Q) = 0.08 A, well above the drop in 
completeness, indicating a fundamental difference between the two samples. 

Galactic HVCs refer to clouds with velocities v > 90 km s~^ relative to material in the 



Milky Way disk along the same line of sight (IWakker &: van WoerdenI 119971 ). Located in 
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the Galaxy and its surroundings, they are hkely to have a variety of origins, ranging from 
a "galactic fountain", to accretion of dw arf galaxies and tidal debris, to infalling filaments 
and sheets from large-scale structure (see lSembach et al.l (120061 ) and references therein). The 
satellites of strong Mgll absorbers have Hi column densities less than the detection threshold 
of 21-cm surveys for HVCs, which led CVOl to conclud e they are not analogo us. However, 



Ovi HVCs cover a larger fraction of the s ky (~ 60-85%: ISembach et al.l (120031 )) than 21-cm 
Hi HVCs (~ 37%; llockman et"aD J^OoJ). This implies that some of the Ovi HVCs have 
lower Hi column densities. Also, low ionization stages are de tected in a separat e phase at 
the same velocities with most of the Milky Way Ovi HVCs ( ICoUins et al.l l2005l ) . Thus, it 
now seems plausible that the satellite clouds of some Mgll absorbers are analogs to some 
types of Milky Way HVCs. 

The strongest Mgll absorbers, those with Wr{279Q) > 1 A may be produced by different 
physical processes than the typical stron g Mgll absorber. Usi ng Sloan Digital Sky Survey 
(SDSS) and high resolution Keck spectra, iProchter et al.l (120061 ) studied the evolution of this 
population, considering both its cross section for absorption and the kinematic structure of 
the Mgll profiles. They hypothesize that the decline of the incidence of Wr{279Q) > 1 A 
absorbers at ^ < 0.8 is consistent with the decline in the global star formation rate, and 
suggest a large co ntribution of galacti c superwinds in shaping the kinematics of the profiles 
of these systems. iNestor et al.l (120051 ) came to similar conclusions based on a study of the 
SDSS data. 

In this paper, we present 33 strong Mgll absorbers in the redshift range 0.3 < z < 2.5 
observed with the Ultraviolet and Visual Echelle Spectrograph (UVES) on the Very Large 
Telescope (VLT). We will quantify the absorption systems with the same statistics as CVOl 
in order to make a fair comparison. Our goal is to describe the kinematics of high redshift 
strong Mgll absorbers and to infer any possible evolution. 

In §[2] we present the quasar observations, the reduction of the spectra, and the absorber 
detection process. We also define the statistics that we used to describe the Mgll profiles. 
We describe each system in detail in § [31 § H] gives our results, comparing the kinematics 
of all systems over the range 0.3 < z < 2.5 in our sample to that of CVOl, and § 14.61 is a 
summary of our results. § El is our discussion of the nature of strong Mgll absorbers and 
their evolution. 
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2. Data and Survey Method 
2.1. VLT/UVES Data 



We obtained 20 high quality UVES/VLT QSO spectra from the ESO archive. The 
quasar names are provided in Table [1] along with V magnitude, quasar emission redshift 
(from Simbad), and the wavelength range of the UVES spectrum. This s ame set of spectr a 
was used for an analysis of the flux power spectrum of the Lya forest (IKim et al.l l2004l ). 
Coverage breaks exist at about 5723 - 5841 A and 8520 - 8665 A in all of these spectra. 
Also present in all spectra were telluric absorption features. These absorption features can 
make detection of the weakest subsystems difficult. However, we address this difficulty in our 
discussion of each absorber (§ [3]). The resolution is i? ~ 45, 000, or ~ 6.7 km s~^ (the same 
resolution as in CVOl). The signal to noise of the UVES/VLT spectra is high (~ 20-100 
per pixel). The CVOl signal to noise values tend to fall in the lower half of this range. We 
take this into account in our analysis, and consid e r poss ible biases when relevant. The data 
reduction procedure can be found in iKim et al.l (120041 ). and the procedure for continuum 
fitting is described in iLynch et al.l (120061 ) . 



Ou r quasar sample was originally selected for a study of the properties of Lya forest 
clouds (IKim et al.l 120041 ). The criteria for selection from the archive for that study included 
high S/N and large wavelength coverage. The result should be a relatively unbiased distri- 
bution of strong Mgll absorbers. However, the study also avoided quasars that had known 
z > 1.5 DLAs, based upon prior low resolution spectra. This will introduce a small bias, 
but we quantify the effect in § 14.11 by comparing the equivalent width distribution of our 
sample o f strong Mg II absor bers to the unbiased distribution obtained from a survey of Sloan 
quasars (INestor et al.ll2005l ). 



2.2. Sample Selection 

We searched the normalized spectra for Mgll AA2796, 2803 doublets and found strong 
Mgll systems along 14 of the lines of sight (the list of all lines of sight surveyed can be 
found in Table [1]). We would have excluded associated systems (within 5000 km s~^ of the 
quasar redshift) from our sample, but in fact did not find any. Although we used a 5a 
search criterion for the Mgll A2796, strong absorbers substantially exceed this threshold in 
spectra of this quality. Because of the hi gh S/N of th e spect ra, in the process of the search 



we also detected the weak systems from iLynch et al.l (120061 ). While these systems are not 



of particular interest in this study, our ability to find weak absorbers is relevant because 
the equivalent width of some individual components corresponding to strong absorbers is 
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comparable to that of weak systems. After detecting the Mgll AA2796, 2803, we also searched 
the expected locations of Fell A2344, A2374, A2383, A2587, A2600 and Mgl A2853. The Fell 
transitions can be used to better understand the kinematics of systems with saturation in the 
Mgll profiles, and to constrain ionization conditions and abundance pattern. The Mgl A2853 
transition was studied for the same reasons, and also to provide insight into properties of 
the lowest ionization state. Many other transitions were also detected but are not included 
in this paper. For example. Sill A1260 and Cll A1335 were not included because they are 
generally detected in the Lya forest, making their kinematics more difficult to interpret. 
Higher ionization transitions and Lyman series lines were also detected for many of these 
systems, and they will be used to place constraints on the physical properties of the systems 
in future work. 



2.3. Defining Kinematic Subsystems 

A significant fraction of the strong absorption systems are comprised of more than just a 
single component. Thus, we define subsystems using the definition from CVOl, "absorption 
features that are separated by more than 3 pixels (i.e., a resolution element) of continuum 
fiux." We define these subsystems in order to examine the kinematics of each system on 
the smallest scale so that we may extract the most information possible from the systems. 
The subsystems are defined by their absorption in the Mgll A2796 transition, which must 
be matched in the Mgll A2803 transition. The wavelength coverage of each subsystem is 
determined by the wavelength on either side of the subsystem at which the equivalent width 
in that pixel returns to within la of the continuum value. This definition assures that 
features between subsystems and noise in the spectra do not affect our interpretation of 
kinematics. 

CVOl applies a uniform sensitivity cutoff for subsystems with Wr{279Q) < 0.015A. 
Although our sample is complete to a better sensitivity, we adhere to this less sensitive 
cutoff in order to make a fair comparison (see § 14. 4p . Table [2] shows that although two 
absorbers approach this limit (subsystem 2 in the Zats = 1.243967 system toward Q0122- 
380 and subsystem 2 in the Zabs = 1.149861 system toward Q0453-423), none are below it. 
Therefore, we have no need to adjust the sample due to this cutoff. CVOl also exclude any 
high velocity material above v > 500 km s~^. Our sample does not include any subsystems 
at such high velocity; thus, we do not exclude any subsystems based on this criterion. We 
mention these cutoffs for completeness. 
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2.4. Defining Absorption Properties 

We use several quantities to compare the shapes of the Mgll profiles of the systems. 
We formally define the redshift of a system by the optical depth weighted mean of the 
Mgll A2796 profile. The specific expression used to calculate redshift, as well as formal 
definitions of equivalent width, subsystem velocity, apparent column density, and velocity 
width, are given in Appendix A of CVOl. All of these quantities are used here, but the 
velocity width, also known as the kinematic spread, is quite important for this study and 
thus deserves further comment. 

The kinematic spread of a system is an optical depth weighted average of the second 
moment of velocity. The combination of a system's kinematic spread and its equivalent 
width gives physical insight into the nature of the system. There is a maximum possible 
equivalent width for any kinematic spread, produced by a fully saturated, "square" profile. 
While there is no distinct opposite to these "square profile systems" , there are profiles with 
high kinematic spread and low equivalent widths. These systems generally have very few or 
no pixels saturated and consist of multiple subsystems with a large kinematic spread. 

3. Systems 

We divide the systems into two redshift regimes, 0.3 < z < 1.2 (low redshift) and 1.2 < z 
< 2.5 (high redshift). We use the low redshift regime for comparison to the CVOl data, and 
then combine those samples for comparison to the high redshift sample. Here we present a 
short description of each strong Mgll absorber in the UVES/VLT sample. Descriptions of the 
CVOl absorbers were given in § 3.3 of that paper. In Figures [Tal-ag we show the Mgll A2796, 
Mgll A2803, Fell A2344, Fell A2374, Fell A2383, Fell A2587, Fell A2600, and Mgl A2853 
transitions for each system if they are covered by the spectra. Table [2] lists each system 
with its kinematic spread, rest frame equivalent width of Mgll A2796, and its doublet ratio, 
Wr {27 96) /Wr (2803) . It also lists these quantities for the individual subsystems identified for 
each of the systems. Table [3] gives the velocity ranges for the subsystems, and lists the rest 
frame equivalent widths of the Mgll, Fell, and Mgl transitions. 

3.0.1. HEOOOl-2340 Zabs = 0.9491 

This system, seen in Figure [Tat has only a single subsystem, with one central, dominant, 
but apparently unsaturated, component, with weaker blended components to the red, and 
with one blueward, weak component. Fell absorption is detected in the strongest component 
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and several of the weaker redward components. Weak Mgl A2853 absorption is detected in 
the two strongest components of the system. 



3.0.2. HEOOO 1-2340 Zabs = 1.5862 

Figure [lb] shows that there is no true "dominant subsystem" in this absorber. The two 
subsystems have roughly equal equivalent widths (the blueward subsystem has Wr{2796) = 
0.17 A and the redder component has Wr{279Q) = 0.18 A). There is a small feature between 
the two subsystems in both the Mgll A2796 and the Mgll A2803. However, the Mgll A2803 
equivalent width is greater, which is unphysical. Consequently, we exclude this region when 
calculating the kinematics of this system. If there is any real absorption at this velocity, the 
paucity of the Mgll is such that it would have no significant impact on the system kinematics. 
Fell is detected in both subsystems, but it is stronger in the redward one. Two other features 
are apparent in the Mgll A2796 velocity window redward of the system. Neither is confirmed 
by Mgll A2803 in a clean region of the spectrum, thus they can be cleanly rejected as Mgll 
absorption. A feature blueward of the system in the Mgll A2803 velocity window has no 
corresponding detection in Mgll A2796. 



3.0.3. HEOOOl-2340 Zabs = 2.1844 

This unique system consists of multiple absorption features spread out over a velocity 
range of —140 km s~^ < v < 275 km s^^ with no apparent saturation; its profile is shown in 
Figure [Tel Generally, systems with such large velocity spreads do exhibit saturation. It is 
unusual in its large number of relatively weak separated comonents over such a large velocity 
spread. In most systems, one subsystem can be classified as dominant because it produces 
a great majority of the equivalent width; in this system, none of the three subsystems is 
significantly stronger than all of the rest. The bluest subsystem consists of five components, 
and the central velocity and red subsystems each consist of two components. The Mgl A2853 
transition is severely contaminated by a blend, particularly to the blue, but useful limits may 
be obtained toward the red. Fell is detected in several transitions for all three subsystems, 
though Fell A2587 and A2600 suffer from blends due to telluric absorption. 



Richter et al.l (l2005l ) have modeled this sub-DLA system based on these same VLT data, 
having established that logA^(Hl) = 19.7 cm~^ based upon a fit to the Lya profiles. They 
found an oxygen abundance of 1/65 solar, and a particularly low nitrogen content, suggesting 
recent star formation. They note that the large kinematic spread is suggestive of an ongoing 
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merger that has triggered recent star formation. 



3.0.4. QOOO2-422 Zabs = 0.8366 



This extremely strong Mgll absorber is one of the two strongest in our sample and has 
absorption over more than 500 km s~^ and is fully saturated in the range ~ —130 km s~^ 
to 160 km s~^, except for a small break at ~ 80 km s~^. The absorption profile is shown in 
Figure [Tdl Absorption in Fell is extremely strong as well, and provides useful constraints 
except for the redward region of the Fell A2374 transition. The Mgl A2853 transtion shows 
close to the same absorption features as the Mgll and Fell. 

It is very unusual to find a system this s trong at z < 1 , bas ed upon the rapid evolu- 
tion of Wr{2796) > 2 A systems as found by iNestor et al.l ( 20051 ). Statistically, based on 
comparisons of the very strongest Mgll absorbers and their Lya profiles, 42% of systems 
with M/^(2796)/lV^(2600) < 2 and Vl^,(28 53) > 0.1 A (thi s system has iy^(2796)/iy^(2600) = 
1.48 A and iyr.(2853) = 1.59) are DLAs (IRao et al.ll2006l ). However, this system is kinemat- 
ically similar to the z = 1.5541 system toward Q1213 — 00 1 7 (tho ugh much stronger), which 
is suggested to be a "superwind" absorbe r by iBond et al.l (1200 if ) , and is known not to be a 
DLA based upon lRao fc Turnshekl (I2OOOI ). 



3. 0. 5. QOOO2-422 Zabs = 1.5418 

The Mgll profile shown in Figure [Te] consists of a strong, nearly saturated, component 
with several weaker components to the blue. However, no absorption is detected redward of 
the strongest absorption. The feature 200 km s~^ blueward of the system in the Mgll A2803 
window does not correspond to a 5-a detection in the Mgll A2796 and is, therefore, not Mgll 
absorption. The strongest absorption component is detected in five Fell transitions as well 
as in Mgl A2853. The component at ~ —40 km s~^ is also detected in two stronger Fell 
transitions. The feature at ~ 100-200 km s~^ in the Mgl A2853 window is a blend, and it 
lies outside of the defined Mgll absorption region and thus has no effect on our calculations. 



3. 0. 6. QOOO2-422 Zabs = 2. 1678 

This system has four distinct minima in the Mgll profiles, the strongest of which is nearly 
saturated in Mgll A2796. The profiles can be seen in Figure [Tfl All components appear to be 
detected in Fell, though several transitions are in regions of the spectrum contaminated by 
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atmospheric absorption. The Mgl window contains a detection at the expected location of 
the strongest absorption, but this portion of the spectrum is also significantly contaminated 
by telluric features, so we cannot measure Mgl accurately. 



3. 0. 7. Q0002-422 Zabs = 2.3019 



This very stro ng, saturated Mgll absorber resembles the "superwind profiles" given in 



Bond et al.l (l200ll ). The profile can be seen in Figure Ig Kinematically, it has one very 
broad, mostly saturated, region centered at km s~^, and another saturated region centered 
at ~ —100 km s~^. The absorption between these two regions is very weak but does not 
fully recover. Thus, this is formally classified as having only one subsystem. The Fell A2587 
and A2600 transitions were not covered by the spectra. The other three Fell transitions 
show detections in the expected velocity range. Mgl A2853 is also detected over most of the 
velocity range but is contaminated by atmospheric absorption, particularly at ~ 10 km s"^ 



3. 0. 8. Q0002-422 Zabs = 2.4641 

This double horned system, shown in Figure [Thl consists of just one subsystem. There 
are several additional features, in the range of 100-400 km s~^ from the dominant absorption, 
in the Mgll A2796 and in the Mgll A2803 windows. However, the identity of each as Mgll 
is refuted by the other transition. Other very weak features are present at higher velocities 
(more than 400 km s~^ separated from Zabs)- In principle, they could have contributions 
from Mgll absorption, however, they are strongly blended with atmospheric absorption, and 
would be at significantly higher velocities than is seen in any other systems. These "very high 
velocity" features are, therefore, believed to be atmospheric and not Mgll associated with 
this system. Neither the Mgl A2853, nor any of the Fell transitions show clear detections in 
somewhat contaminated spectral regions, but reasonable limits are provided. 



3.0.9. Q0109-3518 = 1-3495 



Kinematically, this system, which can be seen in Figure [TT] bears a strong resemblence 
to the Zabs = 2.1844 system toward HEOOOl — 2340. However, it consists of only one very 
broad subsystem and it has saturation in some co mponents. Sti l l, ther e could be widespread, 
merger-induced star formation (as suggested by iRichter et al.l (120051 ) for the Zabs = 2.1844 
system toward HEOOOl — 2340) causing the large kinematic spread in this well. 
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The Fell A2374 transition is affected by poor sky subtraction, but all Fell transitions show 
detections over the same velocity range as the Mgll. Mgl A2853 is also detected over this 
velocity range. 

3.0.10. Q0122-380 Zabs = 0.4437 

This system has a single subsystem that includes a strong, nearly saturated component 
at zero velocity, with a blue wing, and a weaker redward component. Fell and Mgl are 
detected in all components. However, most of the Fell transitions exhibit some blending 
with only the A2383 transition not affected in the absorbing region and exhibitng absorption. 
All of these transitions can be seen in Figure [IjJ 

3.0.11. QO 122-380 Zabs = 0.8597 

The central subsystem of this absorber is deep and narrow, and is saturated in Mgll A2796, 
but not in Mgll A2803. The system is shown in Figure [Tkl The bluest subsystem is shallow 
and wide with multiple, narrow components. A third, redward subsystem is significantly 
weaker than the other two. A feature just blueward of the central subsystem in Mgll A2796 
is not matched in the Mgll A2803 and is, therefore, not physical. The central subsystem is 
detected in Fell and Mgl. The Fell A2344 has a blend at ~-30 km s"^ due to CiV A1548 
at z = 1.8149. The blueward subsystem is detected in Fell, but not in Mgl. The redward 
subsystem appears to be detected in Mgl and in Fell, but only at a 3cr level. If it is a real 
detection, Mgl would be quite strong relative to Mgll. This system could be generated by 
a similar physical process as gives rise to the Zabs = 2.1844 system toward HEOOOl — 2340, 
but in this case it would have to produce fewer components over the same velocity range. 

3.0.12. QO 122-380 Zabs = 1-2439 

This system, displayed in Figure [iTl has one dominant subsystem and one smaller red- 
ward component, which classifies as a separate subsystem. The smaller component (at 
~ 90 km s~^) is confirmed in the Mgll A2803. The other detections in the Mgll A2803 panel 
are known atmospheric absorption features. The Fell A2587 and A2600 transitions are not 
covered by the spectra. The other three Fell transitions as well as the Mgl transition show 
detections for the dominant subsystem, but not for the redward subsystem. 
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3. 0. 13. HE0151-4326 Zabs = 0.6630 

This Mgll profile has a subsystem with several strong components (from ~ —25 to 
~ 60 km s~^), and a broad, weak component at ~-240 km s~^. All relevant transitions 
are shown in Figure llml The Fell transitions are in the Lya forest of this quasar, but 
by combining information from all of them we measure Fell over the full velocity range 
of this system. While the strong subsystem is detected in Fell, the blueward subsystem 
is not. Mgl A2853 absorption is detected only in the strongest two components, and is 
considerably stronger in the blueward of those (at ~ —16 km s~^). The broad component 
at ~ —240 km s~^ is of particular interest. Such broad, weak features, which may indicate 
bulk motion, may be more common than we realize, since they are only detectable in high 
S/N spectra. 

3.0.14. PKS0237-23 Zabs = 1-3650 

This system consists of one broad subsystem, with numerous components, many of 
which are saturated. The absorption profiles of Mgll, Fell, and Mgl are shown in Figure 
[Tni Several very weak components are apparent at ~ 140-160 km s~^, the reddest part of 
the single subsystem. Both Fell and Mgl are detected in all but the weakest components of 
this absorber. 



3. 0. 15. PKS0237-23 z^bs = 1-6371 

This system, shown in Figure [Tol consists of one central, broad, multicomponent sub- 
system, a blueward subsystem with one deeper narrow component, and a weak component 
just redward. Both subsystems are detected in Fell and Mgl. The Fell A2374 contains a 
blend outside of the absorbing region. The Fell A2383 is affected by telluric absorption. 
An interesting note about this system: the zero velocity component is not as close to being 
saturated as the blueward subsystem, which is relatively strong in comparison. This could 
signify a double galaxy (perhaps giant /dwarf) configuration along the line of sight. 

3. 0.16. PKS0237-23 Zabs = 1-6574 

The one broad, saturated subsystem in this Mgll profile consists of multiple components. 
The profile is displayed in Figure [Tp} There are several components both blueward and 
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redward of the dominant one. The two strongest components are detected in Mgl and Fell. 
However, the Fell A2587 transition is heavily affected by telluric absorption. The Fell A2600 
contains a feature outside of the absorbing region, which does not affect our analysis but is 
noted for completeness. 



3. 0. 1 7. PKS0237-23 Zabs = 1-6723 

This system is saturated over the range — 10 < f < 35 km s~^ and consists of one 
subsystem with multiple components. The system can be seen in Figure [Tq[ This could 
be a "superwind system", with a weak blueward region. While the Mgl transition is too 
severely blended, the Fell provides useful constraints despite telluric absorption in the A2587 
transition. For example, the absorption in Fell is strongest in the blueward portion of the 
saturated region. 



3.0.18. Q0329-385 Zabs = 0.7627 

This system, shown in Figure [TH contains multiple components with only one saturated 
component in Mgll A2796. There is evidence of absorption in Fell for all but the reddest 
component. The Fell A2344 transition is blended due to lines in the Lya forest. There is 
Mgl A2853 detected for the strongest component. The Mgl for other components would be 
blended with the Civ A1548 absorption from a system at Zats = 2.2513. The Zabs = 0.7267 
system is characterized by a dominant (though narrow) component with nearly all of the 
weaker components (save one) redward of this component. 



3.0.19. Q0329-385 Zabs = 1-4380 

The central region of this absorber contains two components, both of which are narrow. 
The absorption profile can be seen in Figure [Tsl The bluest component of this system is also 
narrow and classifies as a separate subsystem. The reddest region of the absorber consists 
of two narrow components combined with a broader component or set of components. The 
Mgll A2803 transition is affected by poor sky subtraction at ~ 40 km s~^ which does not 
significantly impact our analysis, but is noted for completeness. The A 2374 and A 2383 
transitions of Fell are not covered by the spectra. All of the narrow components are detected 
in Fell. However, Mgl A2853 is detected only in the strongest component. Limits for the 
weaker component are not strict because this region of the spectrum is contaminated by 



- 15 - 



atmospheric absorption. 



3.0.20. QO453-423 Zabs = 0.7261 

This nearly "square profile" has a velocity range of ~ —70 km s^^ to ~ 60 km s^^. 
The feature in the Mgll A2796 at ~ 140 km s'^ is due to SilV A1402 at Zabs = 2.44264. 
Similarly, although the very weak feature in the Mgll A2803 panel, at f ~ 162 km s~^ is a 5a 
detection, the red portion of its profile does not have sufficient corresponding absorption in 
Mgll A2796 to confirm it as Mgll. If either of these features were real, they would represent 
an extra subsystem, but because of the lack of confirmation with both doublet members, 
they are convincingly ruled out. The dominant subsystem is detected in Mgl and Fell. All 
relevant transitions can be seen in Figure [Ttl 



In a study of metallicity and abundance pattern, iLedoux et al.l (120021 ) argue that this 
system is likely to be a sub-DLA or DLA, though it is impossible to measure this directly 
due to the full Lyman limit break from the Zabs = 2.3045 system. 



3.0.21. QO453-423 Zabs = 0.9085 

This multiple component system, displayed in Figure [Tul consists of one strong broad 
saturated component, two closely spaced narrow components blueward of the system, and 
a broad component further blueward. The two features redward of the system are due to a 
Civ A1550 system at z = 2.4435. All components of the system are detected in Fell. Mgl is 
detected in the saturated region and in the strongest narrow component. 



3.0.22. QO453-423 Zabs = 1-1498 



This single component system is shown in Figure [Tv] and has an unusually large equiv- 
alent width (1^^(2796) ~ 4.5 A). All components are detected in Fell as well as the Mgl 
transition. The bluer half of this system contains the majority of the metals as evidenced by 
its saturation in the weaker Fell transitions, in which the redder half of the absorber becomes 



unsaturated. iLedoux et al.l (120021 ) have determined metallicities and abundance patterns for 
this system, finding a super-solar metallicity. It is likely to be a sub-DLA or DLA system, 
but the Lyman break region cannot be measured due to the full Lyman limit break from the 
Zabs = 2.3045 system. 
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3.0.23. Q0453-423 Zabs = 1-6299 

This single subsystem absorber consists of four narrow components in Mgll, and per- 
haps some blended, weaker broad ones. The absorption profile can be seen in Figure llwl 
The region of the spectrum where Mgll is detected is contaminated by atmospheric absorp- 
tion features, leading to a number of detected features around both the Mgll A2796 and 
Mgll A2803 profiles. However, all of these features could be eliminated as Mgll by exam- 
ining the corresponding position in the other transition. Also, in the region at 170 < v < 
185 km s~^, the Mgll A2803 profile is a bit weak relative to Mgll A2796, so there could actu- 
ally be two subsystems here, though it is more likely that there is just one. Fell is detected 
in only the two strongest components while Mgl is not detected in this system. 



3.0.24. QO453-423 Zabs = 2.3045 
This system consists of one multiple component subsystem and is displave d in Figure [Txl 



Base d on an HST/FOS spectrum, the system produces a Lyman limit break (ILedoux et al. 



2OO2I ). but the Lya profile is not damped, with logiV(Hl) ~ 19.2 cm~^. Of the features 
both redward and blueward of the system in the Mgll A2796 panel, none are detected in the 
Mgll A2803, indicating that these do not represent additional Mgll absorption and, therefore, 
do not represent additional subsystems; these features are due to atmospheric absorption. 
The system is detected in Fell, however the Fell A2587 and A2600 transitions are not covered 
by the spectra. The Mgl is too severely blended to provide a useful measurement. 



3. 0. 25. HEO94 0- 1 050 Zabs = 1 . 789 1 



This system, seen in Figure \Tj\ consists of only one subsystem, but it contains numerous 
components. The kinematics of the components is of particular interest. For example, a 
narrow component is situated at f ~ 170 km s~^, redward of a multiple component region 
(which is saturated over a small velocity range). There is just enough weak absorption 
between these two regions that this system classifies as having only one subsystem. It 
appears that the component at f ~ 120 km s~^ in Mgll A2796 may not be matched in the 
A 2803 transition, however there is very weak absorption detected in that velocity range of 
the Mgll A2803 panel. The v ~ 170 km s~^ would be a separate subsystem if the connecting 
absorption is not real. The central region of the system and the v ~ 170 km s~^ component 
are detected in Fell despite telluric features in the A2587 and A2600 transitions. Only the 
saturated region is detected in Mgl. There is no information about the Lya line for this 
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system because of a Lyman limit break from a system at Zabs = 2.9170. 



3.0.26. HEl 122-1648 Zabs = 0.6822 



This system is similar to the Zabs = 1-7891 system along the HE0940-1050 line of sight in 
that it contains a broad saturated region with an offset narrow component. The absorption 
profile is shown in Figure [TzJ In this case, the offset component is classified as a separate 
subsystem because the fiux fully recovers between the two regions. All components of the 
system are detected in both Fell and Mgl. The Fell A2587 transition provides the best 
picture of the true absorption characeristics of the system because it shows the relative 
strengths of each component wit h only mild saturation in one component. This sy stem is 
clearly a damped Lya absorber (Ide la Varga et al.ll2000l ). Ide la Varga et al.l (120001 ) used a 
Keck/HIRES spectrum to determine that the system has low d ust content and an ab undance 
pattern consistent with an old, metal-poor stellar population. iLedoux et al.l (120021 ) further 
refined the abundance pattern determinations using the same VLT/UVES spectrum as used 
here. 



3.0.27. HEI34I-IO2O Zabs = 0.8728 

In this system, two of the three well separated components are saturated. The system 
is displayed in Figure llaai The Mgll profile is simple with all of the absorption (not in 
the strongest component) located blueward of the strongest component. The two strongest 
components are detected in Fell and Mgl. The blend in the Fell A2600 is due to a Civ A1548 
system at Zabs = 2.1474. The feature at ~ -200 km s"^ in the Mgl is due to Fell A2344 at 
Zabs = 1.2788. The weakest component is detected in Fell but not in Mgl. 



3.0.28. HEI34I-IO2O Zabs = 1.2767 

This four subsystem absorber, shown in Figure llabl consists of one broad saturated 
subsystem centered at ~ km s~^, a narrow saturated component centered at ~ 140 km s~^, 
and two small weak components at ~ 245 km s~^ and ~ 310 km s~^. The two saturated 
subsystems are detected in both Fell and Mgl, but the two weaker components are detected 
in Mgll only. The feature in the Fell A2383 transition redward of two stronger subsystems 
is due to Aim A1862 at Zabs = 1.9155. The feature at ~ 280 - 360 km s"^ in the Fell A2344 
panel is actually Mgl A2853 from the Zabs = 0.8728 absorber. 
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3.0.29. PKS2126-158 Zabs = 2.0225 

This system can be seen in Figure [Tacl and consists of a narrow component, a multiple 
component saturated region, and a two (weak) component region. Although the system 
is classified as being only one subsystem, there are two features redward of the system 
that could be due to Mgll absorption that can neither be confirmed or denied because 
of atmospheric absorption. One feature is located at ~ 300 km s^^ and another at ~ 
565 km s~^. Neither is likely to be due to Mgll because of differences in profile shapes 
at the expected positions of the A2796 and A2803 transitions. Also, it would be quite 
unusual to have a subsystem separated by such a large velocity from the subsystem. The 
Mgl A2853 transition was not covered by the spectra. Fell is detected in all but the weakest 
components. The features at ~ 30-80 km s~^ in the Fell A2383 panel are likely to be 
atmospheric absorption, since they are not confirmed by Fell A2600. 

3. 0. 30. HE221 7-2818 Zabs = 0.9424 

This system's dominant subsystem is broad and unsaturated, and has many components. 
The system is displayed in Figure lladi It also has two narrower features blueward of this 
broad dominant subsystem, which together constitute another subsystem. Both subsystems 
are detected in Fell and Mgl. The large velocity separation between the two subsystems 
makes this system unusual and interesting. Perhaps this could be a case of having very high 
velocity clouds along this sightline. 

3.0.31. HE2217-2818 Zabs = 1-6278 

This system, which is shown in Figure [Tael consists of one broad subsystem with multiple 
components, only one of which may have unresolved saturation. Although the weak feature 
immediately blueward of the system (at ~ —90 km s~^ in the Mgll A2796 panel) has corre- 
sponding absorption in the Mgll A2803 panel, the A2803 absorption is relatively too strong, 
and its minimum is not aligned. We cannot rule out a small A2796 absorption feature, but 
the Alll A1670 and Cll A1334 for this system indicate that the feature is due to atmospheric 
absorption. The features redward of the system, centered at ~ 100 and ~ 130 km s~\ are 
also likely to be atmospheric absorption. This is supported by the appearance of uncertain 
sky line subtraction ("small emission lines"), particularly in the Mgll A2803 panel. Also, the 
minima in these features do not coincide in the A2796 and A2803 panels, indicating that there 
must be at least some contribution from blends. If these features are really Mgll absorption. 



- 19 - 



they would be the smallest subsystems in our sample. The system is detected in both Fell 
and Mgl. 



3.0.32. HE2217-2818 Zabs = 1-6921 

This system, like the Zabs = 2.1844 system toward HEOOOl — 2340, consists of multiple 
components with little saturation. Both systems have the appearance of merging substruc- 
tures, but this one is more compact, and could be composed of just two merging objects. 
This suggestion is based partially on the kinematics of the Fell absorption, which is detected 
in many of the components, but only weakly from —80 to —20 km s~^. The absorption 
profile can be seen in Figure llafi The Mgll kinematics would also classify this system as 
resembling a superwind. The Mgl has detections in some components of the system, but 
they are too severaly blended with atmospheric absorption to use as more than just upper 
limits in our analysis. 



3.0.33. B23 1 1-373 z, 



abs 



0.3398 



This "square profile" system is displayed in Figure [Tag] and is located in the Lya forest 
of this quasar. The Fell A2344, A2374, and A2383 transitions were not covered because they 
are blueward of the available spectra. The system is detected in Fell. The Mgl is too severely 
blended to provide a useful constrain t. This system was o bserved in the radio by CORALS 
to study the effect of dust on DLAs (lAkerman et al.ll2005l ) 



4. Results 

Here we consider the properties of strong Mgll absorbers at high z and compare with 
those at low z (both from our sample and from CVOl). We consider whether our low z 
sample is consistent with that of CVOl (as we would expect). In order to quantify possible 
evolutionary trends, we must evaluate the absorption strength and kinematic properties of 
the Mgll profiles. We generally use the same statistics to describe the profiles as defined in 
CVOl. 

We rely on the Kolmogorov-Smirnov (K-S) test to consider whether differences between 
samples are significant. This test takes the cumulative distributions of a quantity for the 
two different samples, finds the maximum difference between them, the "KS statistic", and 
computes the probability that the two samples are drawn from the same distribution, P{KS). 
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This probability should be less than a few percent in order that we can consider that there 
is a significant difference. We must look further than just this single statistic to consider the 
nature of the difference. 



4.1. System Properties: Equivalent Width 

We divide the sample into four subsamples based on equivalent width. Sample A consists 
of all of our absorbers. Sample B consists of absorbers with 0.3 < Wr{279Q) < 0.6 A, and 
Sample C of those with 0.6 < Vrr(2796) < 1.0 A. Sample D absorbers have W^(2796) > 0.6 A, 
and Sample E absorbers have Wr{2796) > 1.0 A. The equivalent width ranges are identical 
to those used by CVOl in order to directly compare the subsamples, and to identify any 
differences betwee n them . CVOl chose these ranges based on cosmo logical evolution found by 



Steidel &: Sargentl (119921 ). and in order to consider possible kinematic differences. In Table H] 
we present the statistical information for each subsample, including number of absorbers 
in each subsample, average rest frame equivalent width, average redshift of the absorbers, 
average doublet ratio, and which absorbers belong to that subsample. 

Figure [2] displays the Mgll A2796 profiles for our absorbers, divided into the subsamples 
B, C, and E. The absorbers shown are only those from the VLT sample; we do not include 
any absorbers from the CVOl sample (see Fig. 13 of that paper). Also, we note that each of 
the subsamples contains absorbers from both the low and high redshift ranges. The profiles 
are shown in velocity space; the vertical axis is the normalized continuum fiux, and the 
number within each window is the rest frame equivalent width of the absorber. As expected, 
the amount of saturation in the system increases as the equivalent width 1^^.(2796) increases 
from sample B to C to E. 

Figure [3] shows the binned equivalent width distribution of our data and that of the 
CVOl data. Panel a shows our high redshift data, panel b our low redshift data, and panel c 
the CVOl low redshift data. Quahtatively, our data (both the low and high redshift regimes) 
are similar to the CVOl data with two exceptions: our data include a few systems with 1.5 A 
< Wr{2796) < 2 A, and our low redshift data have two outliers with 1^^(2796) ~ 4.5 A. 
Quantitatively, a K-S test shows that our low redshift data and the CVOl data are consistent 
with being drawn from the same distribution, with a probability of P{KS) = 0.77 and a KS 
statistic of 0.23. A K-S test between our low and high redshift samples yields P{KS) = 0.99 
(KS stat = 0.15). Finally, a KS test between our low redshift sample combined with the 
CVOl sample and our high redshift sample yields a P{KS) = 0.68 (KS statistic = 0.22). 
Since the VLT data that we have used in this study were obtained as part of a study of 
the Lya forest, rather than for our purposes, we must consider biases that may have been 
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introduced by the selection criteria for that study (IKim et al.ll2004j ). iKim et aLl (120041 ) tended 
to avoided quasars with known DLA's at 2; > 1.5, so there should be no bias for lower redshift 
systems. The fact that we see no significant difference between the VLT samples and the 
more homogeneous CVOl sample confirms this, so that we can consider the two low redshift 
samples as equivalent. There could, however, be a small bias against large equivalent width 
systems at high redshift, introduced by the selection criteria for the Lya forest study. 

In Figure HI we compare the cumulative equivalent width distribution function for our 
sample to that determined from the much larger Sloan Digita l Sky Survey (SDSS) database, 
which covers a similar redshift interval (iNestor et al.l l2005l ). Since the equivalent width 
distribution evolves for 1^^(2796) > 2 A, we make the comparison separately for our low 
redshift and high redshift samples. We find that both samples are consistent with being 
drawn from the same distribution as found for the much larger SDSS sample which should 
provide an accurate equivalent width distribution for 14^^(2796) > 0.3 A. The probability is 
P{KS) = 0.70 (KS stat = 0.16) that the low redshift sample equivalent widths were drawn 
from the Nestor function with (z) = 0.84. Similarly, the probability is P{KS) = 0.51 (KS 
stat = 0.18) that the high redshift sample equivalent widths are consistent with being drawn 
from the (z) = 1.65 Nestor function. 



4.2. System Properties: Redshift 

Figure [5] shows the binned redshift distributions of our data and the CVOl data. Our 
systems have redshifts ranging from z = 0.33 to z = 2.47, with a mean of (z) = 1.37. Our 
data contain a greater number of systems in the high redshift regime (1.2 < z < 2.5) than 
in the low (0.3 < z < 1.2), 20 versus 13. The number of systems in the high redshift regime 
is roughly the same as the number of systems at low redshift studied by CVOl. Ideally, we 
would have a larger number of systems in the low redshift regime. However, the systems 
that we do have are used primarily to verify that our low redshift sample is similar to CVOl. 

Figure E] shows all absorbers in our sample, as well as those from CVOl, in redshift 
order. We divide the plot into the low and high redshift regimes to highlight the differences 
between the two regimes. We include the CVOl profiles (they are noted with a star) to 
increase the low redshift sample size and to better illustrate trends within the low redshift 
sample; all other systems are from our VLT/UVES sample. 

We find that the most notable difference between the two redshift regimes is the smaller 
number of subsystems at high z. Also, in the low redshift regime, we see a larger fraction of 
profiles with a dominant subsystem and one or more weaker subsystems. At high redshift, the 
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smaller number of subsystems appears to be due to a larger number of absorbing components 
that blend together in velocity space. Thus, the different absorbing components appear 
"connected" at high redshift, but "separated" at low redshift. These impressions, gained 
from careful inspection of the profiles, will also be considered quantitatively in § 14.31 

Figure [7K shows no evolution in equivalent width with increasing redshift. CVOl also saw 
no evolution in the equivalent wi dth, but over a small er redshift range. This is consistent with 



the much larger SDSS survey of iNestor et al.l (120051 ) . who find no evolution for Wr{279Q) < 



2 A. They do find a smaller number of VFr(2796) > 2 A systems at 2; < 1, compared to 
the expectations for cosmological evolution. In our small sample, we do not have enough 
very strong Mgll absorbers to make a comparison. The agreement of our equivalent width 
distribution with an unbiased sample confirms that our strong Mgll sample does not suffer 
from any significant biases. 

FigurelZb plots redshift versus the Mgll doublet ratio, (Vr,.(2796)/W'^(2803)). We see no 
evolution in the distribution of doublet ratio over the full redshift range, combining our data 
with that of CVOl. The plot does show a trend of decreasing doublet ratio with increasing 
rest frame equivalent width, as evidenced by the medians of the three subsample types seen 
in Table |H This is as expected due to saturation in the strongest systems. 



4.3. System Properties: Kinematics 



In Figures [8^ and[8]D we consider the dependence of the kinematic spread, tu^, on system 
equivalent width, and the evolution of u^. In Figure [H^ we see that the systems tend to 
cluster near two envelopes. Both the low and high redshift samples show this dichotomy. 
One envelope represents the "saturation line" (solid line); the other lies nearly vertically 
at Wr{279Q) = 0.3 A due to the larger number of small PVr(2796) absorbers combined 
with the sharp cutoff we applied to select only strong absorbers. Systems along these two 
envelopes represent two different absorption profile types. The envelope at Wr{279Q) = 0.3 A 
contains mostly systems with multiple intermediate and high velocity subsystems, with a high 
probability that the dominant subsystem is not heavily saturated. The saturation envelope 
contains mostly absorbers with a heavily saturated dominant subsystem with few, if any, 
additional subsystems. This envelope is derived from the minimum kinematic spread at a 
given equivalent width, corresponding to a "square" profile, saturated over its full velocity 
range. The strongest Mgll absorbers tend to lie near this envelope, with small higher velocity 
components causing them to rise above it. The fact that few of the strongest absorbers have 
much higher uj^ implies that equal strength subsystems separated by large velocities are rare. 
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Figure [Ht shows no significant evolution in the kinematic spread. A KS test between 
the combined low redshift sample (ours and CVOl) and the high redshift sample yields a 
KS statistic of 0.17, with a probability 0.84 of being drawn from the same distribution. The 
Spearman/Kendell rank order test also shows no correlation between and z. We do note 
that six of the seven values > 100 km s~^ fall in the low redshift sample. Because of this, 
we considered several alternative KS tests, e.g. dividing at the median z or at the median 
in order to define the two samples for comparison. However, we still find no significant 
differences between these samples. We therefore conclude that, statistically, the distributions 
of ujv for the low and high redshift samples are indistinguishable. Thus, the evolution that 
we noted in § 14. 2[ based upon visual inspection of the absorption profiles in Figure O is not 
seen in the uj^ statistic. Consequently, we consider additional statistics. 

Even though it is the second moment of velocity, since the kinematic spread is weighted 
by optical depth, it is not maximally sensitive to weak intermediate and high velocity com- 
ponents. In order to emphasize possible evolution of these weak components, we consider 
another statistic, Av, calculated by identifying the maximum and minimum velocity of pixels 
that are included in the detected regions of a system. 

Figure [8t shows the full velocity range for each absorber (spanning all the subsystems) 
versus redshift. A K-S test between the two low redshift samples (VLT/UVES and CVOl) 
yields P{KS) = 0.36 (KS stat = 0.33). K-S tests for the At> distributions yield the same 
general result as for the kinematic spread: there is no significant difference between the 
combined low redshift sample and the high redshift sample P{KS) = 0.94 (KS stat = 
0.14). The Spearman/Kendell test also shows no significant correlation between Av and z. 
Therefore, it appears that there is no deficit of high velocity components at high redshift. 
This confirms that the evolution of kinematics shown in Fig. [6] and discussed in section § I4.2[ 
is not due to an increase in the overall velocity range for systems. 

Since we suggested, in § 14.21 that the observed kinematic evolution of the Mgll profiles 
is due to additional weak absorbing components at high redshift, we now consider a statistic 
that is sensitive to these. We define the "absorbed pixel fraction" as the fraction of pixels 
with any absorption (in detected regions) over the entire velocity range {Av from Fig. [St) of 
an absorbing system. Figure [Hli shows the absorbed pixel fraction as a function of redshift. 
We see that the majority of high redshift systems (70%; 14/20) have absorption over the full 
velocity range, while only half of the low redshift systems (50%; 18/36) do. By bootstrapping, 
we consider the significance of this result. If 20 absorbed pixel fractions (the size of the high 
redshift sample) are drawn at random from the absorbed pixel fractions of the combined 
low redshift sample (VLT/UVES and Keck/HIRES) there is only a 5.6% chance of finding 
14/20 or more systems that are fully absorbed. This is an indication of the tendency for 



-24- 



high redshift systems to be more likely to have weak components connecting the stronger 
absorbing regions. We note that this result is not significantly affected by bias due to the 
higher signal to noise of the VLT/UVES data. This is because nearly all absorbed pixels in 
all of the spectra have strong enough absorption to be detected even in the noisiest spectrum. 

We can also compare the observed distributions of absorbed pixel fraction for the high 
and low redshift samples. However, because of the tendency to have a large number of values 
of absorbed pixel fraction equal to 1, the K-S test is not expected to be very sensitive to 
differences, and we apply the Anderson-Darling test. While the K-S test is most sensitive to 
differences near the center of the distribution, the Anderson-Darling test gives more weight 
to the tails. We first compare the absorbed pixel fractions of the VLT/UVES low redshift 
sample and the CVOl low redshift sample. We find the Anderson-Darling statistic, is 
equal to 9.9, and by bootstrapping assess that this value or a lower value arise 53% of the time 
if the absorbed pixel fraction of the two samples are drawn from the same distribution. Next, 
we compare the absorbed pixel fraction distributions for the high and combined low redshift 
samples, finding = 38.7. Here, from bootstrapping, we find a smaller chance of 16% that 
the absorbed pixel fraction for the two samples are drawn from the same distribution. 

These results are suggestive of a statistical difference between the high and low redshift 
samples, with the tendency to have a larger fraction of absorbed pixels in systems at high 
redshift than in those at low redshift. Although there is such a statistical effect, the difference 
is not large because there are significant numbers of individual systems at high and low 
redshift that are similar in properties to one another. 

4.4. Subsystem Properties 

Figure [9^ shows the cumulative distribution of the 5cr rest frame equivalent width de- 
tection limit at the position of Mgll A2796 for our absorbers. This plot is indicative of how 
sensitive our survey is to the weakest subsystems, which are likely to be single, unresolved 
components. Our spectra have the same resolution as those of CVOl; however, because our 
signal to noise is typically higher and because of the higher redshift of our sample, we have a 
significantly better rest-frame detection sensitivity. While CVOl is 100% complete down to 
0.017 A, our sample is 100% complete down to 0.0087 A. Our increased sensitivity indicates 
that we are able to detect weaker subsystems more easily than CVOl. As mentioned in § I2.3[ 
none of our subsystems are below the 90% cutoff of CVOl at Wr < 0.015. 

Figure [9)d displays the equivalent width distribution of intermediate and high (> 40 
km s~^) velocity subsystems. CVOl compare their data to a power law distribution and 
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identify a turnover at 1^^(2796) ~ 0.08 A. Our data, for 1^^(2796) > 0.08 A are consistent 
with the same power law, n{Wr) oc W~^'^, as shown in Figure[9}3, and also with the turnover, 
although we are not as sensitive due to our smaller number of detected subsystems. CVOl 
also compare their turnover with that of weak Mgll absorbers {Wr{279Q) < 0.3 A) at 0.02 A. 
These turnovers indicate that these two classes of absorbers are different. 

In § [5l we will compare the distribution of equivalent widths for intermediate and high 
velocity subsystems to the distribution of equivalent widths of weak Mgll absorbers, and 
consider implications. 

In Figure [TOl we plot the number of subsystems per absorber versus systemic redshift. 
The mean of the number of low redshift subsystems (including VLT/UVES and CVOl data) 
is 1.86; the mean of the number of high redshift subsystems is 1.43. Because the data are 
in the form of only five integer values, neither the K-S or the Anderson-Darling test gives 
meaningful results. Instead, we simply focus on the fraction of the systems that have more 
than one subsystem, 6/20 in the high redshift sample, and 18/36 in the low redshift sample 
(VLT and CVOl). If, using bootstrapping techniques, we repeatedly draw at random 20 
values from the 36 values in the low redshift sample, we find only a 5.6% chance of finding 
6/20 or fewer systems with 2 or more subsystems. We thus conclude that the high redshift 
sample differs from the low redshift sample in the sense that systems at high redshift have a 
smaller number of subsystems. This is closely related to the result of comparing the fraction 
of absorbing pixels in the high and low redshift samples, in Figure [Hli, since the two statistics 
are similarly defined. 

The number of subsystems per absorber is sensitive to the signal to noise of the spectrum. 
Thus we conducted a simulation to consider whether the higher signal to noise in our high 
redshift sample leads to the tendency to have a smaller number of subsystems per absorber 
at high redshift. We added noise to each high redshift system, at a level comparable to the 
lowest quartile of the noise distribution for low redshift systems, S/N = 35 per pixel. Only a 
few high redshift systems (the Zabs = 1.7891 system toward HE0940-1050, the Zabs = 1.6299 
system toward Q0453-423, and the Zats = 1.6723 system toward PKS0237-23) split into 
more subsystems even at this relatively high level of noise. Taking into account the noise 
distribution for the low redshift sample, we estimate that statistically 0.5 - 1 more high 
redshift systems would have two or more subsystems. Increasing that number by 1 so that 
7/20 of the high redshift systems have two or more subsystems still leads to an 11% chance 
that the high and low redshift samples are different in this sense. 
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4.5. Apparent Column Densities of Mgll, Mgl, and Fell 

Figure [11] consists of four plots showing different relationships for the apparent column 
densities of intermediate {v > 40 km s~^) and high velocity {v > 165 km s~^) subsystems. 
The apparent column de nsities were computed using the apparent optical depth method 



( ISavage fc SembachlllQQll ). as was described in Appendix A of CVOl. The column densities 
of Mgll, Fell, and Mgl as well as velocity ranges for each system are presented in Tabled 
Panel a of Figure [11] shows the column density of Mgll for each of these subsystems versus the 
subsystem's centroid velocity. CVOl found that subsystem Mgll column density decreases 
with increasing subsystem velocity. This trend is also visible in both of the VLT/UVES 
samples, with no apparent difference between the low and high redshift samples. Finally, 
CVOl found a paucity of subsystems with log A(Mgll) < 11.6 cm~^, despite the fact the they 
were complete to a lower limit than that for many of their quasars. Because the sensitivity 
of the VLT/UVES sample is better (complete to at least logA(Mgll) = 11.3 in all quasars, 
with much better sensitivities in most), we are able to test this claim. We also find no 
subsystems with logA(Mgll) < 11.6, supporting the existence of a physical mechanism 
that prohibits subsystems weaker than this. This is directly related to the equivalent width 
turnover described in § 14. 4[ 

In panels b and c of Figure [TT] we plot the logarithmic ratio of A(Fell) to A(Mgll) as 
a function of subsystem velocity and logA(Mgll). These plots are closely related, because 
large velocity subsystems tend to have small log A(Mgll), as seen in panel a. There is a large 
spread of log A(Fell)/A(Mgll), with values ranging from —1.2 to 0.2. CVOl noted that many 
of the smallest log A(Fell)/A(Mgll) values occur for subsystems with small logA(Mgll), 
which include many of the highest velocity subsystems. The VLT/UVES sample does not 
have any subsystems with such small log A(Fell)/A(Mgll) values, either for weak or for 
strong subsystems. We note, however, that there are not enough medium and high velocity 
subsystems to consider in the VLT/UVES data because it contains a significant fraction of 
high redshift absorbers, which tend not to have as many subsystems (see § 14.41) . Thus, we 
can neither refute or confirm the interesting suggestion of CVOl that some of the highest 
velocity subsystems are preferentially a-enhanced. 

In panel d of Figure [TT] we examine possible evolution in log A(Fell)/A(Mgll). This 
plot again illustrates the lack of subsystems at high z, discussed in § 14.41 While the high z 
sample is roughly two-thirds the size of the low z sample, it has only one-third the number 
of subsystems with f > 40 km s~^. Furthermore, the three highest redshift datapoints 
are not independent; they are all subsystems of the z = 2.1844 system toward HEOOOl- 
2340. We note that for z > 1.2, there are no subsystems with log A(Fell)/A(Mgll) < -0.7. 
Small log A(Fell)/A(Mgll) values would signify either a-enhancement or a higher ionization 
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parameter at low redshift. The latter is unlikely in view of the known evolution of the EBR 
(see § [1]). The existence of a-enhanced gas at low redshifts implies recent star formation 
in some fraction of the absorber population. The lack of such a-enhanced absorbers in the 
high redshift sample would be surprising but could be due to small number statistics. We 
repeatedly chose 10 subsystems (the number in the high redshift sample) at random from 
the full sample of 40 subsystems with f > 40 km s~^, and found a probability of 0.11 that 
there would be none with log A^(Fell)/A^(Mgll) < -0.7. 

Figure fT2l is a summary plot in which we show the Mgll, Mgl, and Fell column densities 
(from top to bottom) of the subsystems of each system. The systems are displayed from 
left to right by increasing redshift and subsystems with different velocities are designated by 
different symbols. The small fraction of subsystems at 1.65 < z < 2.5 with Mgl data is due 
to frequent contamination of that region of the spectrum by atmospheric absorption. There 
is no indication of evolution in A^(Mgll), A^(Mgl), or A^(Fell). 



4.6. Summary of Results 

Here we summarize the results of our comparisons of the 0.3 < z < 1.2 (low redshift) 
and 1.2 < z < 2.5 (high redshift) strong Mgll absorber samples: 

1. We find no significant differences between Mgll rest-frame equivalent widths (Figure [3]) 
and kinematics (Figure [H]) for the VLT/UVES low redshift sample and the low redshift 
sample of CVOl from Keck/HIRES. This indicates that we can legitimately group 
these two samples together and compare to the high redshift sample from VLT/UVES 
without concern about bias due to the different sample selection and instrumental 
configurations. 

2. The cumulative equivalent width distribution function for strong Mgll absorbers is 
statistically indistinguishable for the high and low redshift sa mples, as shown in F igures 



[3] and [7^. This is consistent with the much larger survey of iNestor et al.l (120051 ) , who 
found no evolution for ^^,(2796) < 2 A. 

The kinematic spread of strong Mgll absorbers also does not show significant evolution 
over the interval 0.3 < z < 2.5 (Figure [St). At both low and high redshifts we see 
the full range of spreads, from saturated, single trough profiles, to those with many 
unsaturated components distributed over a large velocity range. 



4. 



The average number of separate subsystems in strong Mgll systems increases with 
decreasing redshift, from 1.43 at 1.2 < 2; < 2.5 to 1.86 at 0.3 < z < 1.2 (see Figure [TOj) . 
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This difference is significant. The majority of the high redshift systems have only one 
subsystem. 

5. The small number of subsystems in strong Mgll systems at high redshift is not due to 
an absence of high velocity components, as evidenced by a lack of evolution in total 
system velocity spread (see Figure Eli). Instead, it is due to weak components "filling" 
the velocity space between the regions that would be separate subsystems at lower 
redshift. This leads to a larger fraction of absorbing pixels in high redshift systems 
(shown in Figure [Ht). 

6. We carefully consider whether the differences in the number of subsystems and in 
the fraction of absorbing pixels between high and low redshift could be due to larger 
contamination of the high redshift system profiles by atmospheric absorption. This 
possibility is ruled out after inspecting each Mgll doublet and finding matching ab- 
sorption for weaker components (those that "fill in" the velocity space) in Mgll A2803 
(see Figure [Tal-ag and the system descriptions in § 13.0.231 and § I3.0.25[ where we note 
the two controversial cases). 

7. Another way to understand the differences between the strong Mgll systems at high 
and low redshift is to visually examine the profiles in Figure [61 CVOl found that 
many profiles at low redshift have strong central components and one or more weaker, 
outlying intermediate or high velocity components. We also see some profiles like this 
at high redshift, but they are not as common. Instead we see complex kinematics, with 
more components spanning roughly the same velocity range. 

8. The distribution of Mgll A2796 rest frame equivalent width for intermediate and high 
velocity subsystems is generally consistent with a n{Wr) oc W~^'^ power law, however 
there is a turnover, with few subsystems with Wr{2796) < 0.08 A, shown in Figure [9^. 
This is not due to incompleteness, since our survey is 100% complete to a limit of 
Wr{279Q) = 0.009 A. This confirms the results of CVOl. 

9. CVOl found that high velocity subsystems of 0.3 < z < 1.2 strong Mgll absorbers 
tend to have smaller iV(Mgll) than low velocity subsystems. We find the same trend 
at 1.2 < z < 2.5 (see Figure [11^) . 

10. There is no clear evolution in the ratio of apparent column densities of Fell and Mgll 
for intermediate (40 < v < 165 km s^^) and high (> 165 km s~^) velocity subsystems 
(Figure [TT]) . This is, however, hard to evaluate because of the smaller number of 
separate subsystems at high redshift. We see tentative evidence of a-enhanced gas in 
low redshift subsystems. 
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Discussion 



We find that there is significant overlap in the kinematic properties of strong Mgll 
absorbers in the low (0.3 < z < 1.2) and high (1.2 < z < 2.5) redshift regimes. However, 
there is a systematic trend for high redshift systems to have weaker absorpting components 
connecting stronger regions of absorption. We expect that this indicates galactic structures 
at 1.2 < z < 2.5 tend to have a larger number of accreting or outflowing clouds. In fact, we 
see very few high redshift examples of the classic disk/halo structures so common in the low 
redshift CVOl sample, evidenced by a dominant subsystem, with weaker subsystems to one 
side. The accreting or outflowing gas clouds are only evident in high resolution Mgll profiles, 
and because their absorption is so weak, do not produce an evolution in the equivalent width 
distribution of the population. 

This evolutionary trend in the kinematics of strong Mgll absorbers may be the first 
systematic evidence for hierarchical structure formation seen in the gas. It thus provides a 
long-sought link to the volume of work on the evolution of galaxy morphology in deep imaging 
surveys. Logically, this sort of evolution should be seen in the gas at high redshift, where 
images show that a large fraction of the solid angle around a luminous galaxy is covered by 
material. An extreme example of this is the "Spiderweb Galaxy" , a centra l cluster galaxy at 
z = 2.2, with many accreting, star forming companions (IMiley et al.ll2006l ). However, a large 
fraction of 2; > 1.2 galaxies exhibit mo rphological peculiarities, including the "clump-cluster" 
morphologies (lElmegreen et al.ll2005l ) that would give rise to the absorption signature that 
we find to be evident at those redshifts. 

Having made a connection between strong Mgll absorbers and structures seen in im- 
ages, it is also important to consider possible connections with other types of absorbers. 
Qualitatively, weak Mgll absorbers have absorption profiles similar to the weak outlying 
subsystems that are common in strong Mgll absorbers at 0.3 < z < 1.2. However, we noted 
in § 14.41 that there is a significant difference between the equivalent width distributions of 
these two populations of absorbers. The weak Mgll absorbers have an equivalent width dis- 
tribution that follows a power law, with n{Wr) oc W~^^^ down to 0.02 A, while the outlying 
subsystems show a turnover in this power law below Wr = 0.08 A. CVOl also saw this trend, 
and argued that there might not be a close connection between weak Mgll absorbers and 
outlying subsystems of strong Mgll absorbers. However, there have been significant new 
findings revealing more information about the location of weak Mgll absorbers relative to 
luminous galaxies. 



Through direct (IChurchill. Kacprzak. fc Steidelll2005l ) and indirect arguments (IMilutinovic et al 



20061 ) it is now known that many weak Mgll absorbers are ~ 30-100/i ^ kpc from lumino us 
galaxies, and not usually at larger distances as previously believed (e.g.. lRigby et al.l (120021 )). 
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Since weak Mgll absorbers are clustered around the hosts of strong Mgll absorption and 
since the two populations cover comparable fractions of the sky, this would argue that it 
would be common for a line of sight to pass through both a strong and a weak Mgll ab- 
sorber. The difference in equivalent width distributions of the weak Mgll absorbers and the 
outlying subsystems of strong Mgll absorbers could be explained simply by stronger clus- 
tering of the higher equivalent width, weak Mgll absorbers (those with Wr{2796) > 0.08 A) 
around galaxies. The Wj.(2796) < 0.08 A weak Mgll absorbers would then be at a larger 
separation from the galaxy, and it would thus be less probable to pass through such an ab- 
sorber and through a galaxy. Thus, it appears plausible that outlying subsystems of strong 
Mgll absorbers are produced by the same structures as weak Mgll absorbers. 



Based on photoionization models, iLynch et al.l (120061 ) found a similar multi-phase struc- 
ture for weak Mgll abs orbers as for Milky Way HVCs and concluded that they could have 
common origins. Also, iMilutinovic et al.l (120061 ) considered the observed cross-sections of 
high and low ionization systems at z < 1 and concluded that a filametary or sheet-like ge- 
ometry is favored for w eak Mgll absorbers. This is consistent with the distribution of Ovi 
around the Milky Way ( jSembach et al.ll2003l ). 



We have suggested that outlying subsystems of strong Mgll absorbers and weak Mgll 
absorbers may be produced by the same structures, and that weak Mgll absorbers and 
HVCs may be related. Therefore, we should also directly compare subsystems of strong 
Mgll absorbers and HVCs. As described in § [H the HVCs that are detected in 21-cm 
surveys are only a sub set of the population, with a larger fraction detected in O VI absorption 
( ISembach et al.l |2003| ) . In fact the ki nematics of low i oniza ti on absorption de t ected looking 



out th roug h the Milky W"ay (see , e.g.. ICangulv et al.l (120051 ) . IFox et al.l (120051 ) . ICollins et al. 



( 120051 ) ■ and I Jenkins et al.l (120031 )) would be indistinguishable from those of some strong Mgll 
absorbers at 0.3 < z < 1.2. Based upon all of these considerations, there is a compelling 
case for a three-way connection between outlying subsystems of strong Mgll absorbers, weak 
Mgll absorbers, and extragalactic analogs to HVCs. 

Based on this connection, we can extend our interpretation of the evolution in the 
kinematics of strong Mgll absorbers. In this context, at high redshifts (1.2 < z < 2.5) the 
structures that give rise to weak Mgll absorption and HVCs are present, but they appear 
more connected, by unsettled gas, to the strong Mgll absorbing structures. As we approach 
the current epoch, this gas settles into the weak/HVC regions, or more likely, into the strong 
Mgll absorbing region. 

To test this idea, it will be important to make direct comparisons of the physical prop- 
erties (particularly metallicities and densities) of weak Mgll absorbers and of the outlying 
subsystems of strong Mgll absorbers. This will require access to high resolution coverage of 
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the Lyman series lines associated with these absorbers, and to other key constraining transi- 
tions, such as Ovi and Cm. This can be achieved with optical spectra for 2; > 2 absorbers, 
but at such high redshifts high velocity subsystems are not common. To study the crucial 
low redshift regime, high resolution ultra-violet spectra will be essential. 

If the connection is real, we finally have a handle on the relationship between absorption 
signatures and familiar structures we see in the local universe and in deep imaging studies. 
With the tool of quasar absorption lines, we then have the ability to learn things about the 
gaseous assembly of galaxies that we cannot learn from imaging alone. More specifically, 
through observations of the gas, wc can study the relative importance of gas accretion and of 
major mergers in determining the evolution of galaxy morphology over the past ~ 10 Gyrs. 

This work was funded by the National Science Foundation grant NSF AST-07138, by 
NASA through grant NNG04GE73F, and by an NSF REU Supplement. We are indebted to 
the ESO Archive for making this work possible. We also thank an anonymous referee who 
helped us to clarify the results and improve the presentation of this paper. 
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Table 1. List of Observed Quasars 



QSO V Zemit Observed Wavelength Range 



HEOOOl-2340 


16.7 


2.259 


3056 - 


10074 


Q0002-422 


17.5 


2.659 


3056 - 


10073 


Q0109-3518 


16.6 


2.405 


3056 - 


10074 


Q0122-380 


17.1 


2.192 


3064 - 


10198 


HE0151-4326 


17.2 


2.784 


3056 - 


10075 


PKS0237-23 


16.8 


2.223 


3063 - 


10075 


PKS0329-255* 


17.1 


2.707 


3056 - 


10074 


Q0329-385 


17.2 


2.435 


3063 - 


■ 8507 


Q0420-388* 


16.9 


3.117 


3401 - 


10074 


Q0453-423 


17.3 


2.657 


3057- 


10074 


HE0940-1050 


16.6 


3.083 


3101 - 


10082 


B1055-301* 


19.5 


2.523 


3293 - 


• 5756 


HE1122-1648 


17.7 


2.405 


3051 - 


10083 


HE1158-1843* 


16.9 


2.448 


3056 - 


10074 


HE1341-1020 


17.1 


2.135 


3052 - 


10415 


PKS1448-232* 


17.0 


2.218 


3062 - 


10073 


PKS2126-158 


17.3 


3.280 


3352 - 


■ 9609 


HE2217-2818 


16.0 


2.413 


3052 - 


9898.8 


B2311-373 


18.5 


2.476 


3292 - 


■ 6686 


HE2347-4342* 


16.3 


2.880 


3063 - 


10095 



Note. — *No strong Mgll absorbers were found in these 
spectra. 
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Table 2. Kinematic Subsystem Properties and System Totals 





^abs 


o u usy b 


[V) 
















ivlil 


[Al 




B2311-373 


0.339862 


1 




29.1 ±0.4 


0.959 ±0.005 


1.05 ±0.01 


Q0122 


0.113791 


1 




25.9 ±0.2 


0.112 ± 0.003 


1.15 ± 0.02 


HE0151 


0.663069 


1 


-241.1 ±0.8 


17.2 ±0.7 


0.042 ± 0.001 


1.80 ±0.10 






2 


8.1 ±0.1 


23.9 ±0.1 


0.384 ±0.001 


1.32 ±0.01 






Total 




62.6 ±0.7 


0.425 ±0.001 


1.35 ±0.01 


HE1122 


0.682246 


1 


-162.7 ±0.1 


7.3 ±0.2 


0.126 ±0.001 


1.41 ±0.02 






2 


7.4 ±0.5 


48.7 ±0.3 


1.702 ±0.001 


1.09 ±0.00 






Total 




55.3 ±0.3 


1.828 ±0.002 


1.10 ±0.00 


Q0453 


0.726110 


1 




39.1 ±0.1 


1.356 ±0.002 


1.06 ±0.00 


Q0329 


0.762783 


1 




47.6 ± 0.4 


0.616 ±0.005 


1.42 ± 0.02 


Q0002 


0.836643 


1 




122.8 ±0.3 


4.431 ± 0.002 


1.12 ±0.00 


Q0122 


0.859777 


1 


-233.5 ± 0.5 


15.8 ±0.5 


0.177 ±0.003 


1.50 ±0.05 






2 


4.1 ±0.1 


4.9 ±0.2 


0.162 ± 0.002 


1.21 ±0.03 






3 


160.8 ± 1.2 


4.8 ± 1.8 


0.022 ±0.002 


1.50 ±0.30 






Total 




122.4 ± 1.0 


0.361 ±0.005 


1.36 ±0.03 


HE1341 


0.872808 


1 




19.9 ±0.4 


0.530 ±0.007 


1.22 ±0.03 


HE2217 


0.942415 


1 


-266.9 ±0.1 


24.9 ±0.1 


0.121 ±0.001 


1.60 ±0.01 






2 


3.0 ±0.1 


23.7 ±0.1 


0.450 ±0.001 


1.57 ±0.00 






Total 




104.1 ±0.2 


0.571 ± 0.001 


1.58 ±0.00 


HEOOOl 


0.949148 


1 




34.5 ± 0.2 


0.348 ± 0.001 


1.66 ±0.01 


Q0122 


1.243967 


1 


2.5 ±0.3 


13.5 ±0.3 


0.449 ± 0.003 


1.18 ±0.01 






2 


92.7 ± 1.2 


5.3 ±1.4 


0.019 ±0.002 


0.77 ±0.11 






Total 




17.1 ±0.5 


0.467 ±0.004 


1.16 ±0.01 


HE1341 


1.276756 


1 


-10.9 ± 1.0 


33.4 ±0.5 


1.177 ±0.007 


1.09 ±0.01 






2 


137.8 ±0.3 


6.2 ±0.2 


0.225 ±0.004 


1.06 ±0.03 






3 


245.8 ± 1.5 


7.7 ± 1.3 


0.032 ±0.004 


1.85 ±0.54 






4 


313.0 ± 1.3 


6.1 ± 1.1 


0.027 ±0.004 


2.40 ±0.90 






Total 




67.4 ± 1.2 


1.461 ±0.010 


1.11 ±0.01 


PKS0237 


1.365055 


1 




54.8 ± 0.3 


1.856 ±0.001 


1.13 ±0.00 


Q0329 


1.438025 


1 


-82.1 ±0.5 


6.3 ±0.6 


0.034 ± 0.002 


2.09 ±0.23 
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Table 2 — Continued 



QSO 




Subsys 






Wr(2796) 


DR 








[km s"^] 


[km s J 


[A] 








2 


10 5 + 04 


36 9 + 2 


334 + 003 


1 69 ± 03 






Total 




44.0 ± 0.3 


368 ± 003 


1 73 ± 03 

-I- • 1 KJ — 1 — \J»\JKJ 


O0002 

\C^\J \J\J ^ 


1 541850 


1 




28 4 ± 2 


406 ± 001 


1.47 ± 0.01 


HEOOOl 


1 585523 


1 


-2.0 ± 0.1 


7.9 ± 0.1 


167 ± 001 


1 39 ± 01 






2 


103.6 ± 0.1 


9.8 ± 0.2 


0.175 ± 0.001 


1.47 ± 0.02 






Total 




53.5 ± 0.1 


0.342 ± 0.001 


1.43 ± 0.01 


HE2217 


1.627857 


1 




24.6 ±0.0 


0.628 ± 0.001 


1.41 ± 0.00 


PKS0237 


1.637117 


1 


— 140.7 ± 0.1 


9.1 ± 0.1 


158 ± 001 


1 42 ± 01 






2 


14.3 ±0.1 


24.1 ± 0.2 


354 ± 001 


1 55 ±0 01 






Total 




75.1 ± 0.1 


512 ± 001 


1 51 ± 01 


PKS0237 


1 657433 


1 




28.1 ± 0.1 


683 ± 001 


1 38 ± 00 


PKS0237 


1 672334 


1 




46 5 ± 3 


1.283 ± 0.001 


1 20 ± 00 


HE2217 


1.692150 


1 




83.7 ±0.1 


1.693 ± 0.001 


1.37 ± 0.00 


HE0940 


1.789119 


1 




54.6 ±0.1 


1.121 ± 0.001 


1.40 ± 0.00 


PKS2126 


2.022556 


1 




28.6 ±0.3 


0.702 ± 0.002 


1.06 ± 0.00 


onnn2 


2 167886 


1 




22 2 + 1 


353 + 001 


1 50 + 01 


11J_jUUU-L 


Zi. ±Ot:t:OC/ 


1 
J. 


_Q,A 5-1-0 9 


^0. c/ ZI_ U . ± 


U.O^U ZL u.uuz, 


1 . UtJ ZL u .u ± 






2 


84 8 ± 2 


14.8 ± 0.3 


148 ± 001 


1 61 ± 02 






3 


246.9 ± 0.1 


16.3 ± 0.1 


0.247 ± 0.001 


1.48 ± 0.01 






Total 




152.7 ±0.2 


0.935 ±0.002 


1.60 ±0.01 


Q0002 


2.301944 


1 




55.4 ±0.3 


1.635 ±0.001 


1.13 ±0.00 


Q0002 


2.464123 


1 




15.7 ±0.1 


0.371 ± 0.001 


1.40 ±0.01 


Q0109 


1.349585 


1 




76.2 ±0.1 


1.978 ±0.001 


1.26 ±0.00 


Q0453 


0.908513 


1 




30.2 ±0.1 


0.855 ± 0.001 


1.26 ±0.00 


Q0453 


1.149861 


1 


24.7 ±0.7 


136.0 ±0.5 


4.444 ± 0.002 


1.11 ±0.00 






2 


405.3 ±0.7 


8.4 ±0.7 


0.016 ±0.001 


1.34±0.12 






Total 




136.4 ±0.5 


4.460 ± 0.002 


1.11 ±0.00 


Q0453 


1.629994 


1 




40.1 ±0.1 


0.303 ±0.001 


1.68 ±0.01 


Q0453 


2.304569 


1 




23.9 ±0.1 


0.464 ± 0.002 


1.55 ±0.01 
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Table 3. Subfeature Equivalent Widths for Target Transitions 







Mg I 






Pe II 






System 


(v'^ , V ) 


Wr(2863) 


Wr(2344) 


Wr(2374) 


Wr(2383) 


Wr(2687) 


Wr(2600) 










r;2:ill :!7:' 


; — ().:i:!!)r;(j 








1 


(-66.1,69.9) 


0.9648 ± 0.0044 








0.4715 ± 0.0074 


0.7306 ± 0.0063 








Q0122 


Zabs = 0.443791 








1 


(-48.1,93.0) 


0.0469 ± 0.0041 


0.0123 ± 0.0039 


< 0.0069 


0.0491 ± 0.0046 


0.0628 it 0.0026 


0.1640 it 0.0038 








if£;0151 


Zabs = 0.663069 








1 
2 


(-288.6,-195.1) 
(-27.6,69.2) 


0.0023 ± 0.0006 
0.0196 ± 0.0010 


0.2527 ± 0.0013 
0.0789 ± 0.0016 


0.1667 it 0.0016 
0.0287 it 0.0016 


0.0068 it 0.0012 
0.1298 it 0.0016 


0.0535 it 0.0013 
0.0984 it 0.0016 


0.4808 it 0.0009 
0.1249 it 0.0012 








ifB1122 


Zabs = 0.682246 








1 
2 


(-194.5,-118.0) 
(-95.7,146.5) 


0.0038 ± 0.0006 
0.1343 ± 0.0012 


0.0124 ± 0.0006 
1.1387 ± 0.0007 


0.0357 it 0.0006 
0.4259 it 0.0009 


0.0392 it 0.0006 
1.2393 it 0.0006 


0.0140 it 0.0006 
0.8137 it 0.0009 


0.0298 it 0.0006 
1.2773 it 0.0008 








Q0453 


Zabs = 0.726110 








1 


(-106.3,98.7) 


0.4686 ± 0.0026 


0.8266 ± 0.0025 


0.5212 ± 0.0024 


1.1622 it 0.0019 


0.7110 it 0.0012 


1.0525 it 0.0012 








Q0329 


2abs = 0.762783 








1 


(-61.5,163.5) 


0.0666 ± 0.0036 


0.4660 ± 0.0031 


0.0207 it 0.0017 


0.1546 it 0.0029 


0.1050 it 0.0063 


0.1665 it 0.0048 








Q0002 


Zabs = 0.836643 








1 


(-326.9,297.7) 


1.6866 ± 0.0022 


3.2925 ± 0.0026 


1.4011 ± 0.0032 


3.0639 it 0.0026 


1.8329 it 0.0026 


2.9964 it 0.0026 








Q0122 


2abs = 0.869777 








1 
3 


(-287.7,-195.5) 
(141.7,182.1) 


< 0.0062 
U.U.^OO It U.UU.^.^ 
0.0060 ± 0.0026 


< 0.0038 
U.lUUo It U.OOi/ 

< 0.0037 


< 0.0038 
O.UUol It U.OOld 

< 0.0043 


0.0185 ± 0.0026 
O.UOO^ It u.ooiy 
0.0037 it 0.0013 


< 0.0038 
O.U^Uo It U.OUlo 

< 0.0037 


0.0143 ± 0.0026 
O.UOlo It U.OOlo 
0.0039 it 0.0016 








HB1341 


z„l,_, = 0.872808 








1 


(-81.9,41.2) 


0.0783 ± 0.0062 


0.1094 ± 0.0071 


0.0301 ± 0.0060 


0.2176 ± 0.0093 


0.1082 ± 0.0070 


0.2341 ± 0.0061 








H"E2217 


Zaba = 0.942415 








1 
2 


(-340.9,-216.7) 
(-87.0,86.9) 


0.0128 ± 0.0005 
0.0157 ± 0.0006 


0.0092 ± 0.0009 
0.0330 ± 0.0011 


0.0057 ± 0.0008 
0.0094 ± 0.0009 


0.0135 ± 0.0007 
0.0844 ± 0.0008 


0.0084 ± 0.0006 
0.0286 ± 0.0007 


0.0102 ± 0.0004 
0.0763 ± 0.0005 








HEOOOl 


Znhs = 0.949148 








1 


(-<)(!.">. 1(11.:!) 


(I.IIL'IC! ± (I.IIUi-J 


u.(ilj"> = (i.udir, 


■ (1.(1(1^1 


ll.l)">:!(l ± O.IKIL'ij 




U.(l4(l(i = (I.Kllii 








Q0122 


Zaba = 1.243967 








1 
2 


(-36.9,70.6) 
(77.8,111.2) 


0.1021 ± 0.0025 
< 0.0054 


0.1771 ± 0.0027 
< 0.0049 


0.1124 ± 0.0028 
< 0.0049 


0.2268 ± 0.0023 
< 0.0052 












HE1341 


Zab.s = 1.276756 








1 
2 
3 
4 


(-92.4,70.1) 
(112.5,166.6) 
(225.5,265.5) 
(298.5,329.1) 


0.2389 ± 0.0077 
0.0667 ± 0.0046 

< 0.0102 

< 0.0103 


0.4092 ± 0.0065 
0.1209 it 0.0039 

< 0.0101 
0.0310 ± 0.0036 


0.2289 ± 0.0071 
0.0639 ± 0.0040 

< 0.0095 

< 0.0097 


0.6554 ± 0.0060 
0.1535 ± 0.0040 

< 0.0099 
0.0153 it 0.0036 


0.3725 ± 0.0069 
0.1497 it 0.0047 

< 0.0101 

< 0.0099 


0.6575 ± 0.0056 
0.1614 it 0.0034 

< 0.0090 

< 0.0092 








PifS0237 


^abs = 1.365055 









1 



(-126.8,184.7) 



0.2690 it 0.0016 0.4994 it 0.0012 0.2063 it 0.0013 0.8855 it 0.0010 0.4105 it 0.0011 0.8702 it 0.0011 
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Table 3 — Continued 







Mg I 






Fe II 






System 


(v'^ , V ) 


Wr(2853) 


Wr (2344) 


Wr(2374) 


Wr (2383) 


Wr(2687) 


Wr(2600) 










zaba = 1.438025 








1 
2 


(-102.3,-60.5) 
(-49.5,115.4) 


0.0069 ± 0.0015 
0.0637 ± 0.0026 


< 0.0032 
0.0284 ± 0.0026 






0.0090 ± 0.0014 
0.0316 ± 0.0024 


0.0076 ± 0.0015 
0.0500 ± 0.0029 








Q0002 


Zaba = 1.541850 








1 


(-152.2,31.3) 


0.0523 ± 0.0011 


0.0319 ± 0.0011 


0.0153 ± 0.0011 


0.0711 ± 0.0010 


0.0238 ± 0.0008 


0.0659 ± 0.0011 








ifBOOOl 


2^abs = 1.686623 








1 

2 


(-26.2,23.6) 

(56.7,133.4) 


0.0087 ± 0.0011 

0.0124 ± 0.0012 


0.0029 ± 0.0006 

0.0155 ± 0.0006 


0.0061 ± 0.0006 

0.0057 ± 0.0007 


0.0086 ± 0.0006 

0.0351 ± 0.0006 


< 0.0017 

0.0126 ± 0.0006 


0.0096 ± 0.0008 

0.0333 ± 0.0010 


















1 


(-80.1,62.7) 


0.0372 ± 0.0008 


0.0208 ± 0.0006 


0.0048 ± 0.0004 


0.0671 ± 0.0006 


0.0236 ± 0.0007 


0.0444 ± 0.0008 










^abs = 1.637117 








1 
2 


(-162.9,-97.9) 
(-32.8,109.5) 


0.0120 ± 0.0007 
0.0314 ± 0.0010 


0.0161 ± 0.0006 
0.0436 ± 0.0008 


0.0033 ± 0.0006 
0.0635 ± 0.0009 


0.0477 ± 0.0007 
0.1399 ± 0.0009 


0.0093 ± 0.0006 
0.0317 ± 0.0009 


0.0212 ± 0.0006 
0.1026 ± 0.0010 








PifS0237 


Zabs = 1-657433 








1 


(-85.4,100.1) 


0.0366 ± 0.0015 


0.0346 ± 0.0008 


0.0227 ± 0.0009 


0.1079 ± 0.0011 


0.3328 ± 0.0012 


0.2173 ± 0.0013 








PirS'0237 


^abs = 1-672334 








1 


(-188.0,94.8) 


0.9832 ± 0.0015 


0.3946 ± 0.0011 


0.2626 ± 0.0013 


0.6483 ± 0.0013 


0.6614 ± 0.0016 


0.5566 ± 0.0012 








HE2217 


2abs = 1.692149 








1 


(-204.9,146.6) 


0.2660 ± 0.0013 


0.1609 ± 0.0008 


0.0476 ± 0.0007 


0.3368 ± 0.0007 


0.1307 ± 0.0011 


0.3520 ± 0.0012 








if£;0940 


^abs = 1-789119 








1 


(-109.9,211.1) 


0.1696 ± 0.0017 


0.1239 ± 0.0013 


0.0439 ± 0.0016 


0.2876 ± 0.0016 


0.1701 ± 0.0016 


0.5414 ± 0.0014 








Pif S2126 


Zabs = 2.022556 








1 


(-82.7.77.0) 




0.1386 ± 0.0010 


0.0758 ± 0.0012 


0.3377 ± 0.0012 


0.1062 ± 0.0014 


0.2836 ± 0.0016 








l.Ji)()(l2 










1 


(-26.2,77.0) 


0.0284 ± 0.0018 


0.0346 ± 0.0008 


0.0136 ± 0.0007 


0.0764 ± 0.0007 


0.0611 ± 0.0011 


0.1102 ± 0.0010 








HEOOOl 


Zabs = 2.184439 








1 
2 
3 


(-151.9,34.9) 
(36.6,144.3) 
(191.5,282.4) 


0.8641 ± 0.0012 
0.0766 ± 0.0010 
0.0296 ± 0.0009 


0.0214 ± 0.0016 
0.0098 ± 0.0007 
0.0424 ± 0.0011 


0.0080 ± 0.0011 
0.0124 ± 0.0011 
0.0163 ± 0.0010 


0.0662 ± 0.0016 
0.0367 ± 0.0011 
0.0837 ± 0.0013 


0.1222 ± 0.0019 
0.0627 ± 0.0016 
0.0461 ± 0.0013 


0.1852 ± 0.0019 
0.0709 ± 0.0016 
0.1053 ± 0.0016 








Q0002 


Zabs = 2.301944 








1 


(-139.6,113.7) 


0.3138 ± 0.0026 


0.4345 ± 0.0011 


0.1938 ± 0.0011 


0.6666 ± 0.0013 












Q0002 


Zabs = 2.464123 








1 


(-38.9,49.3) 


0.0102 ± 0.0021 


0.0034 ± 0.0006 


0.0182 ± 0.0007 


0.0363 ± 0.0007 


0.0097 ± 0.0011 


0.0625 ± 0.0012 








ifB1341 


^abs = 1-916397 









1 (-37.7,32.1) 0.1619 ± 0.0059 0.0595 ± 0.0044 0.0164 ± 0.0036 0.1119 ± 0.0034 0.0382 ± 0.0038 0.1133 ± 0.0046 



(30109 Zabs = 1.349686 
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Table 3 — Continued 







Mg I 






Fe II 






System 




Wr(28B3) 


Wr (2344) 


Wr(2374) 


Wr (2383) 


Wr(2587) 


Wr(2600) 




1 


(-208.4,200.0) 


0.2977 ± 0.0021 


0.4220 ± 0.0017 


0.1423 ± 0.0019 


0.8387 ± 0.0016 


0.3486 ± 0.0018 


0.7907 ± 0.0017 








Q0453 


2a,bs = 0.908513 








1 


(-127.7,80.1) 


0.1184 ± 0.0015 


0.2078 ± 0.0016 


0.1193 ± 0.0017 


0.3733 ± 0.0017 


0.1869 ± 0.0025 


0.3744 ± 0.0018 








Q0453 


Zabs = 1.149861 








1 


(-250.2,373.1) 


1.5264 ± 0.0026 


2.7782 ± 0.0018 


1.7779 ± 0.0018 


3.5627 ± 0.0013 


2.6907 ± 0.0016 


3.6532 ± 0.0013 


2 


(383.1,430.4) 


< 0.0019 


0.0034 ± 0.0006 


0.0011 ± 0.0004 


0.0098 ± 0.0007 


0.0017 ± 0.0005 


0.0063 ± 0.0005 








Q0453 


z„h5, = 1.629994 








1 


i-(M.S,ll.l.(j 1 


(l.llii.l = 11.0(112 


O.uiijr, ± o.iKli:! 


(i.n(Jr<:! = O.lKJJJ) 


(ij(ir,r, — (i.(((ii:i 


(1.(1121 = 0.(11)12 


l(.([([72 = ((.(((ion 








Q0453 


z^ba = 2.304569 








1 


(-54.8,88.0) 


0.5751 ± 0.0017 


0.0533 ± 0.0009 


0.0376 ± 0.0010 


0.1556 ± 0.0011 
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Table 4. Sample Membership 





Sample A 


Sample B Sample C 


Sample D 


Sample E 




n; > 0.3 A 


0.3 < n; < {).{■> A o.G < n; < i.o A 


\Vr > 0.0 A 


Wr > 1.0 A 


N 


33 


15 7 


18 


11 


(W^(2796)), A 


1.03 


.42 .77 


1.58 


2.10 


(z) 


1.38 


1.42 1.36 


1.35 


1.35 


{DR) 


1.33 


1.45 1.31 


1.23 


1.18 


Membership Chart 


S2311 - 373 0.339862 


X 


X 


X 




(50122 - 380 0.443791 


X 


X 






HEOlbl - 4326 0.663069 


X 


X 






HE1122 - 1648 0.682246 


X 




X 


X 


Q0453 - 423 0.726110 


X 




X 


X 


(50329 - 385 0.762783 


X 


X 


X 




Q0002 - 422 0.836643 


X 




X 


X 


(50122 - 380 0.859777 


X 


X 






HEIMI - 1020 0.872808 


X 


X 






(50453 - 423 0.908513 


X 


X 


X 




HE22V1 - 2818 0.942415 


X 


X 






HEmQl - 2340 0.949148 


X 


X 






O0453-423 1.149861 


X 




X 


X 


O0122-380 1.243967 


X 


X 






HEIMI - 1020 1.276756 


X 




X 


X 


g0109- 3518 1.349585 


X 




X 


X 


PKSQ2Z7-2i 1.365055 


X 




X 


X 


O0329-385 1.438025 


X 


X 






Q0002-422 1.541850 


X 


X 






HEOQQl - 2340 1.586204 


X 


X 






i?i;2217 - 2818 1.627861 


X 


X 


X 




O0453-423 1.629994 


X 


X 






Pir6'0237-23 1.637118 


X 


X 






PKS02i7-2Z 1.657433 


X 


X 


X 




PifS'0237- 23 1.672334 


X 




X 


X 


HE2217 - 2818 1.692149 


X 




X 


X 


iJi;0940 - 1050 1.789119 


X 




X 


X 


Pi^S'2126 - 158 2.022556 


X 


X 


X 




g0002-422 2.167886 


X 


X 
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Table 4 — Continued 







Sample A 


Sample B 


Sample C 


Sample D 


Sample E 






Wr > 0.3 A 


0.3 < T^r < 0.6 A 


0.6 <Wr< 1.0 A 


Wr > 0.6 A 


Wr > 1.0 A 


HEOOOl 


-234 2.184439 


X 




X 


X 




Q0002 - 


422 2.301944 


X 






X 


X 


Q0453 - 


423 2.304569 


X 


X 








Q0002 - 


422 2.464123 


X 


X 
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Table 5. Subsystem AOD Column Densities 



System 


(v+,v ) 


Mg II 


Mgl 


Fell 




52311 - 373 z^-bs = 0.339862 


1 


(-66,70) 


> 14.07 




> 14.41 






g0122 ^^bs = 


0.443791 




1 


(-48,93) 


13.263 ±0.006 


11.65 ±0.04 


14.42 ± 0.06 






HE0151 ^abs = 


= 0.663069 




1 


(-289,-195) 


12.04 ±0.02 


10.3 ±0.1 


11.82 ±0.08 


2 


(-28,69) 


13.282 ±0.001 


11.23 ±0.02 


13.085 ± 0.006 






HE1122 Zghs - 


= 0.682246 




1 


(-195,-118) 


12.739 ± 0.004 


12.81 ±0.05 


12.546 ± 0.008 


2 


(-96,147) 


> 14.46 


12.068 ± 0.004 


14.598 ± 0.001 






g0453 Zabs = 


0.726110 




1 


(-106,99) 


> 14.30 


12.696 ± 0.002 


14.581 ± 0.001 






Q0329 ^abs = 


0.762783 




1 


(-62,164) 


13.534 ± 0.009 


11.95 ±0.03 


13.17 ±0.01 






Q0002 = 


0.836613 





1 



(-327,298) 



> 14.82 



13.229 ±0.001 14.885 ±0.001 
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Table 5 — Continued 



System 


{v+,v ) 


Mg II 


Mg I 


Fell 






Q0122 ^abs = 


0.859777 




1 


(-288,-196) 


12.78 ±0.01 


< 10.47 


12.3 ±0.1 


2 


(-23,35) 


13.04 ±0.01 


11.63 ±0.04 


12.75 ±0.02 


3 


(142,182) 


11.81 ±0.05 


10.7 ±0.2 


11.6 ±0.3 






HE13A1 ^abs = 


= 0.872808 




1 


(-82,41) 


> 13.72 


12.68 ±0.03 


13.41 ±0.03 






Q0453 ^abs = 


0.908513 




1 


(-128,80) 


13.875 ± 0.001 


12.011 ± 0.005 


13.639 ± 0.003 






HE2217 ^abs = 


= 0.942415 




1 


(-341,-217) 


12.560 ±0.002 


11.04 ±0.02 


12.25 ±0.03 


2 


(-87,86) 


13.241 ± 0.001 


11.20 ±0.02 


12.804 ± 0.005 






HEOOOl ^abs = 


= 0.949148 




1 


(-97,104) 


13.057 ±0.002 


11.25 ±0.03 


12.88 ±0.02 






g0453 Zabs = 


1.149861 




1 


(-250,373) 


> 14.85 


13.235 ± 0.001 


15.395 ± 0.001 


2 


(383,430) 


11.66 ±0.03 


< 9.81 


11.82 ±0.05 






g0122 ^abs = 


1.243967 





1 (-37,71) > 13.71 12.07 ±0.01 14.11 ±0.01 
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Table 5 — Continued 



System 


) 


Mg II 


Mgl 


Fe II 


2 


(78,111) 


11.68 ±0.05 


10.1759 


11.0974 






HEIMI z.h, = 

J.J. j_v ^aDs 


= 1.276756 




1 


(-92,70) 


> 14.19 


14.85 ±0.01 


14.20 ±0.01 


2 


(113,167) 


> 13.47 


11.79 ±0.03 


13.75 ±0.02 


Q 
O 




11 .yo zn u.u / 


^ 10 ^0 

<^ lU.OU 


^ 1 1 zLI 

11.-4:1 


4 


(299,329) 


11.83 ±0.08 


< 10.44 


< 11.38 






Dn 1 no - , — 






1 
1 






1 AOO -i- 00*? 


1 Q QQO _|_ 001 

lo.yyz zt u.uui 








— l.OOOUOO 




1 


(-126,185) 


> 14.41 


12.381 ±0.002 


14.087 ±0.001 






Q0329 Zabs = 


: 1.438025 




1 


(-102,-61) 


11.95 ±0.02 


11.64 ±0.09 


11.8 ±0.1 


2 


(-50,115) 


13.078 ±0.005 




12.69 ±0.03 






Q0002 ^abs = 


: 1.541850 




1 


(-152,31) 


14.311 ±0.001 


11.629 ±0.009 


12.800 ±0.009 






//£;oooi zabs ^ 


= 1.585523 





1 (-25,24) 15.174 ±0.003 11.16 ±0.06 12.08 ± 0.04 

2 (57,133) 12.884 ±0.003 11.03 ± 0.04 12.48 ± 0.01 
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Table 5 — Continued 



System 


{v+,v ) 


Mg II 


Mg I 


Fe II 






HE2217 ^abs -- 


= 1.627857 




1 


(-80,63) 


14.189 ±0.001 


11.491 ± 0.009 


12.632 ± 0.007 






g0453 ^abs = 


: 1.629994 




1 


(-65,115) 


12.962 ± 0.002 


11.13 ±0.05 


12.36 ±0.04 






PKSQ237 ^abs 


= 1.637117 




1 

2 


(-163,-98) 
(-33,110) 


12.839 ±0.003 
13.114 ± 0.002 


10.99 ±0.03 
11.41 ± 0.01 


12.35 ±0.02 
12.947 ± 0.006 






i^AoUZO/ Zabs 


— l.DO / 4oO 




1 


(-85,100) 


13.625 ± 0.001 


11.49 ±0.02 


12.913 ±0.005 






PKS0237 ^abs 


= 1.672334 




1 


(-188,95) 


> 14.21 




14.572 ± 0.002 






HE2217 -'abs = 


= 1.692150 




1 


(-205,146) 


14.015 ±0.001 




13.480 ± 0.002 






HE09A0 ^abs = 


= 1.789119 





1 (-110,211) 13.844 ±0.001 ••• 13.423 ± 0.003 



PKS2126 Zabs = 2.022556 



-47- 



Table 5 — Continued 



System 


{v+,v ) 


Mg II 


Mg I 


Fe II 


1 


(-83,77) 


> 13.91 




13.624 ± 0.004 






Q0002 z,bs = 


2.167886 




1 


(-26,77) 


13.169 ±0.002 


11.40 ±0.03 


12.889 ± 0.005 




HEOOOl Zabs = 


= 2.184439 




1 


(-152,35) 


13.312 ±0.002 




12.71 ±0.02 


2 


(37,144) 


12.742 ± 0.004 




12.46 ±0.02 


3 


(192,282) 


13.088 ± 0.002 




12.950 ±0.009 






Q0002 z^bs = 


2.301944 




1 


(-140,114) 


> 14.33 




14.160 ±0.001 






Q0453 Zabs = 


2.304569 




1 


(-55,88) 


13.277 ±0.002 




13.119 ±0.005 






g0002 z^b. = 


2.464123 





1 



(-39,49) 13.220 ± 0.002 
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-1 
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Fig. la.— VLT/UVES profiles of Mgll A2796, Mgll A2803, Mgl A2853, Fell A2344, 
Fell A2374, Fell A2383, Fell A2587, and Fell A2600 (if detected) for the various strong Mgll 
absorption lines systems. The spectra are normalized and the different transitions aligned 
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HE0001 z=1,5862 
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HE0001 z=2,1848 
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00002 z=0,8366 
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00002 z= 1,541 8 
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Fig. le. 
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O0002 z=2,1678 
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Q0002 z=2,3019 
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Fig. Ig.— 
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00002 z=2,4641 
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Fig. Ih.- 
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Q0122 z=0,4437 
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Q0122 z=0,8597 
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Fig. 11.— 
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PKS0237 z= 1,3650 
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Fig. It.— 
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Fig. 2. — Mgll A2796 profiles (normalized flux) for systems from the VLT/UVES sample, 
in velocity space, ordered by increasing equivalent width. The equivalent width, in A, is 
displayed in a lower corner of each panel (usually the lower right). The profiles are also 
separated into subsamples B, C, and E, as discussed in § 14.11 The profiles that occupy a 
single panel have a velocity spread of 400 km s~^, and those that are displayed in a double 
panel have a velocity spread of 800 km s~^. 
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Fig. 3. — The rest-frame Mgll A2796 equivalent width distributions for the different samples, 
(a) The VLT/UVES systems with redshifts less than 1.2. (b) The VLT/UVES systems with 
redshifts greater than 1.2. (c) All absorbers from the CVOl dataset. 
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Fig. 4. — (a) The cumulative Mgll A2796 equivalent width distribution for z < 1.2 systems 
(from CVOl and VLT/UVES data), given as a solid line. The dotted line represents an 



unbias ed sample of strong Mgll absorbers as predicted from the larger sample of iNestor et al. 
( I2OO5I ) using a {z) = 0.84. (b) The cumulative Mgll A2796 equivalent width distribution for 
z > 1.2 systems, given as a solid line. The dotted line repre sents an unbiased s ample of 
strong Mgll absorbers as predicted from the larger sample of iNestor et al.l ( 120051 ) using a 
{z) = 1.65. 
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Fig. 5. — Redshift distribution of strong Mgll absorbers. The sohd histogram represents the 
VLT/UVES data; the dashed histogram represents the CVOl data. 
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Fig. 6. — Mgll A2796 absorption profiles for all absorbers in our data set. We separated the profiles into high and low 
redshift samples to more clearly illustrate differences. We include both the VLT/UVES profiles and the CVOl profiles 
in the low redshift sample. The CVOl profiles are marked with an asterisk in the lower right corner. The crosses above 
the normahzed flux indicate features not associated with Mgll absorption at the system redshift. The velocity range of 
the single panels is -300 km s~^ < v < 300 km s~^, and the range of the double panels is -600 km s"^ < v < 600 km s~^, 
with two exceptions. These exceptions are the Zabs — 0.9276 system toward Q1206-I-706 (second panel in the sixth row), 
which ranges from -450 km s~^ < v < 150 km s~^, and the Zabs — 0.8519 toward Q0002-I-051 (last panel in the fourth 
row), which ranges from -150 km s~^ < v < 450 km s~^. 
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Fig. 7. — (a) Rest frame equivalent width of Mgll A2796 versus the redshift of the absorber. 
The circles represent absorbers from sample B, squares absorbers from sample C, triangles 
absorbers from sample E. The open shapes are from the CVOl data, the filled in are the 
VLT/UVES data, (b) The doublet ratio of Mgll versus the redshift of the absorber. Points 
are as defined in panel (a). 
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Fig. 8. — (a) Kinematic spread (uj^) versus rest frame equivalent width of Mgll A2796. The 
hne represents the minimum kinematic spread for a given equivalent width as explained in 
§ I4.1[ The two points with corresponding arrows represent two absorbers with Wr{279Q) > 4 
A. While we preserve their kinematic spread values in this plot, we place them at lower 
values for rest frame equivalent width in order to better see trends in the rest of the data. 
In this panel, and panels c and d, the triangles represent data from VLT/UVES, the filled 
triangles for high redshift systems and the open triangles for low redshift systems. The 
squares represent systems from CVOl. (b) Kinematic spread (u^) of the Mgll A2796 profile 
versus redshift for the absorbers. The different data point symbols are defined based upon 
the rest frame equivalent width of Mgll A2796, as in Fig. [71 (c) Av versus system redshift. 
Av is the maximum velocity range over which an absorber shows any detected absorption, 
i.e. the velocity range from the bluest pixel of the bluest subsystem to the reddest pixel 
of the reddest subsystem. All data points are as defined for panel (b). (d) Percentage of 
pixels over the entire velocity range of the Mgll A2796 profile in which absorption is detected 
versus system redshift. Data points are as defined for panel (b). 
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Fig. 9. — (a) Cumulative distribution of the Sc rest frame equivalent width detection limits 
at the position of Mgll A2796 for all strong Mgll systems from VLT/UVES spectra, (b) 
Equivalent width distribution of subsystems with velocities > 40 km s~^ (intermediate and 
high velocity subsystems). We include la error bars on the vertical axis. Error bars on the 
horizontal axis represent the bin size. The dotted line reproduces a power law, with slope of 
— 1.6, as found by CVOl for intermediate and high velocity subsystems with Wr > 0.08 A. 
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Fig. 10. — This plot shows the number of subsystems per strong Mgll system as a function 
of system redshift. The filled triangles represent high redshift systems from VLT/UVES, and 
the open triangles are low redshift systems from VLT/UVES. The squares represent systems 
from CVOl. 
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Fig. 11. — Data points in all panels of this figure are as defined for Fig. [TOl These points 
all represent subsystems with v > 40 km s~^. The downward arrows in panels (b), (c), and 
(d) represent upper limits resulting from lack of a 3a detection, (a) Logarithmic column 
density of Mgll of a subsystem versus the subsystem's centroid velocity. The dashed line at 
the bottom of the figure indicates where the sample drops below 100% completeness, (b) 
Logarithmic ratio of A^(Fell) to A^(Mgll) versus subsystem velocity, (c) Logarithmic ratio 
of A^(Fell) to A^(Mgll) versus logA^(Mgll). The vertical line represents the initial drop from 
100% completeness, (d) The logarithmic ratio of A^(Fell) to A^(Mgll) versus system redshift. 
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Fig. 12. — Mgll, Mgl, and Fell column densities for each subsystem of each absorber. 
The vertical dotted lines separate different absorbers. The absorbers are labeled first by 
the quasar line of sight (without catalog designations which can be found in Table [1]) then 
by redshift. The dashed line across the Mgll panel represents the initial drop from 100% 
completeness. The diamonds represent subsystems with velocities v < 40 km s~^, the open 
triangles subsystems with 40 km s^^< v < 165 km s^^, and the filled triangles subsystems 
with V > 165 km s^^. The arrows facing upward represent lower limits resulting from 
saturation; the arrows facing downward represent 3a upper limits. 



